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GLYHUJHQFH LQ WKHGLUHFWLRQRI WKUXVWLQJEHWZHHQ WKHDUHDVQRUWKDQG VRXWKRI WKH
3HOYRX[PDVVLIUHVSHFWLYHO\6HYHUDOPRGHOVDLPLQJWRH[SODLQWKHIRUPDWLRQRIWKLVDUF
KDYHEHHQSURSRVHG 9LDORQHWDO DQG3ODWWHWDO 5LFRX 5LFRXDQG
6LGGDQVDQG%XWOHUHWDO
&HULDQL HW DO  UHFHQWO\SURSRVHG WKHK\SRWKHVLV DFFRUGLQJ WRZKLFK WKH
$GULDWLF LQGHQWHU WULJJHUHG:1:WKUXVWLQJ DORQJ DPDMRURXWRI VHTXHQFH WKUXVW WKH
























 WLWOHG7KH3HQQLQLFXQLWVRI WKH:HVWHUQ$OSVDORQJ WKH(&256&523
WUDQVHFWDQGWKHIRUPDWLRQRIWKHDUFRIWKH:HVWHUQ$OSV
7KHPDLQSDUWRI WKLVSURMHFWZDVFDUULHGRXWDW WKH*HRORJLFDO3DOHRQWRORJLFDO
,QVWLWXWH RI %DVHO 8QLYHUVLW\:KLOH %HUQKDUG )JHQVFKXK DQG 6WHIDQ 6FKPLG ZHUH






*HRJUDSKLFDO DQG JHRORJLFDO VHWWLQJ RI WKHÀHOG VWXG\ DUHD VLWXDWHGEHWZHHQ WKH
3HOYRX[DQG$UJHQWHUDPDVVLIV






'HEHOPDV HW DO 2UFLqUHV 'HEHOPDV HW DO 6DLQW &KULVWRSKH HQ2LVDQV





7KLVDUHD OLHVDORQJ WKH5RVHOHQG WKUXVW &HULDQLHWDODPDMRU WHFWRQLF
IHDWXUHVHSDUDWLQJWKH6XEULDQoRQQDLVDQG%ULDQoRQQDLVQDSSHVWDFNIURPWKHH[WHUQDOO\




























































































































































































































































































































































































DUHD LVGLVFXVVHGDFFRUGLQJ WR WKHQHZVWUXFWXUDOGDWDDFTXLUHGE\ WKHÀUVWDXWKRU2XU
PRGHO EDVHG RQ WKUHH GHIRUPDWLRQ SKDVHV LQFOXGHV DQG FRQÀUPV WKH K\SRWKHVLV RI
&HULDQLHWDO:HFRQVLGHUWKDWWKHGLYHUJHQFHRIWKUXVWLQJGLUHFWLRQVUHFRUGHG
IURPQRUWKWRVRXWKRI3HOYRX[LVRQO\DQDSSDUHQWRQHLQWKHVHQVHWKDWLWLVWKHSURGXFW
RISRO\SKDVHGHIRUPDWLRQ&OHDURYHUSULQWLQJ UHODWLRQVKLSV LQGLFDWH WKDW6:DQG1:
GLUHFWHG WKUXVW V\VWHPVGHYHORSHG WRWDOO\ LQGHSHQGHQWO\6:WKUXVWLQJ LV FOHDUO\SRVW








7KLV VWXG\ LV EDVHG RQ D FROOHFWLRQ RI  VDPSOHV RIP\ORQLWLVHG QXPPXOLWLF


























































6XEULDQoRQQDLV%ULDQoRQQDLV GRPDLQV UHODWHG WR WKH VXEGXFWLRQ RI WKH 9DODLV RFHDQ






















































7KH VLJQLÀFDQFH DQG DPRXQW RI6:GLUHFWHG WKUXVWLQJ RQO\ REVHUYHG LQ WKH
'DXSKLQRLVGRPDLQVRXWKRIWKH3HOYRX[PDVVLILVDPDWWHURIGHEDWHLQWKHOLWHUDWXUH
6HYHUDO PRGHOV DLP WR FRPELQH WRS6: GLVSODFHPHQWV ZLWK WKH WRS1: GLUHFWHG
PRYHPHQWV REVHUYHG QRUWK RI WKH 3HOYRX[PDVVLI %UJLVVHU  IRUPXODWHG WZR
JURXSVRIK\SRWKHVHVWKH´UDGLDOµDQGWKH´FRUQHUµK\SRWKHVHV
7KH UDGLDOK\SRWKHVLV LQFOXGHVPRGHOVVXFKDV WKDWRI9LDORQHWDO RU
DPRGHOSURSRVHGE\3ODWWHWDO $FFRUGLQJ WR9LDORQHWDO  WKH UDGLDO










5LFRXDQG6LGGDQV DQG WKHPRGHORI%XWOHUHWDO 7KHPRGHORI5LFRX





RI$GULD FDXVHG WKH 6:GLUHFWHG WKUXVWLQJ UHFRUGHG LQ WKH 'DXSKLQRLV GRPDLQ VRXWK
RI3HOYRX['HIRUPDWLRQZLWKLQ WKHRURJHQZDV WKHQDFFRPPRGDWHGE\GH[WUDO VWULNH
VOLSDORQJ1(6:VWULNLQJIDXOWV'LHWULFKDQG'XUQH\/DXEVFKHU
DOVR FDPH WR D VLPLODUPRGHO WKDWSURSRVHV DSRO\SKDVH WUDQVODWLRQSDWKRI WKH$GULD
LQGHQWHU7KHPRGHORI%XWOHU HW DO  LQYROYHV D OLQHDUSODWHPRWLRQE\ DW OHDVW
NPWRZDUGV:1:LQGXFLQJFRQVLGHUDEOHWKLFNHQLQJZLWKLQWKHLQWHUQDOSDUWVRIWKH
RURJHQ6:GLUHFWHGWKUXVWLQJZLWKLQWKHVRXWKHUQVXEDOSLQHFKDLQVLVLQWHUSUHWHGDVD











WKHHYLGHQFHIRU WRS6:PRYHPHQWVZLOODOVREH WDNHQ LQWRDFFRXQW7KHVHDUH LQIDFW








:HZLOO SUHVHQW WKH UHVXOWV RI DQ H[DPLQDWLRQ RI WKHPDLQ WHFWRQLF FRQWDFWV
SDUWLFXODUO\IRFXVVLQJRQ WKHNLQHPDWLFVRIPRYHPHQW'HWDLOHGPDSV LQNH\DUHDVDUH







 WKLV DUHD LV RI FUXFLDO LPSRUWDQFH IRU XQGHUVWDQGLQJ WKH UROH RI 6:GLUHFWHG
NLQHPDWLFVVLQFHVXFK6:GLUHFWHG WKUXVWLQJ LVQRWUHFRUGHGIXUWKHUQRUWK,QRUGHU WR
YHULI\RXUÀQGLQJV LQ WKHDUHDQHDU WKH3HOYRX[PDVVLIRQD ODUJHUVFDOHZHH[WHQGHG













7KH 'DXSKLQRLV GRPDLQ LV SDUW RI WKH (XURSHDQ PDUJLQ DQG FRPSRVHG RI
9DULVFDQ EDVHPHQW FDUU\LQJ D WKLFN0HVR]RLF WR7HUWLDU\ VHGLPHQWDU\ FRYHU 'XULQJ
0HVR]RLF ULIWLQJ WKH HDVWHUQPDUJLQRI WKH (XURSHDQSODWHZDV VXEVWDQWLDOO\ WKLQQHG































































































































































































































































































































































































































































































VHGLPHQWDWLRQZLWKLQ WKH3ULDERQLDQEDVLQRI WKH 'DXSKLQRLV7KLV ´VFKLVWHV jEORFVµ
XQLW LVIRXQGZLWKRXW WHFWRQLFGLVFRQWLQXLW\RQ WRSRI WKH&KDPSVDXUVHULHVDQGKHQFH
LVFRQVLGHUHGDVSDUWRIWKH'DXSKLQRLVÀJVDQG,WFRPSULVHVDQDVVRFLDWLRQRI
GHFLPHWULF WRPHWULFVDQGVWRQHDQG OLPHVWRQHEORFNVPRVWO\GHULYHGIURP WKH$XWDSLH
QDSSHDQGHPEHGGHGLQDEODFNPDUO\PDWUL[
:LWKLQ WKH LQYHVWLJDWHG DUHD WKH$XWDSLH QDSSH LV SUHVHUYHG DV VOLFHV RQO\
LQWHQVLYHO\IROGHGWRJHWKHUZLWKWKHXQGHUO\LQJ'DXSKLQRLVVHULHV7KH3DUSDLOORQQDSSH








 &DOFDUHRXV+HOPLQWKRLGÁ\VFKVKRZLQJD UHJXODU LQWHUQDOVWUDWLÀFDWLRQ  WR
P







7KH6XEULDQoRQQDLVGRPDLQ LQ WKHSDOHRJHRJUDSKLF VHQVH IRUPHG WKHSDVVLYH
PDUJLQRIWKH%ULDQoRQQDLVGXULQJWKHRSHQLQJRIWKH9DODLVRFHDQ,WVWHFWRQLFSRVLWLRQ
LV EHWZHHQ WKH XQGHUO\LQJ 'DXSKLQRLV XQLWV DQG WKH RYHUO\LQJ %ULDQoRQQDLV XQLWV ,W









,QPDS YLHZ H[FHSW IRU WKH DERYHPHQWLRQHG$UJHQWLqUH KDOIZLQGRZ WKH
6XEULDQoRQQDLVXQLWXVXDOO\ IRUPV DQDUURZEDQGERUGHULQJ WKH %ULDQoRQQDLVGRPDLQ
HDVWDQGVRXWKRIWKH3HOYRX[PDVVLI7KLVWKLQQLQJPLJKWEHH[SODLQHGE\ODWHQRUPDO
IDXOWLQJGLVVHFWLQJ WKH6XEULDQoRQQDLVDQG%ULDQoRQQDLV IURQW 7ULFDUWHWDORU
















LQGLFDWHV VWDFNLQJRI VHYHUDOQDSSHV VRPHRI WKHP IRUPHO\ UHSUHVHQWLQJ VHGLPHQWDU\
LQÀOOVRIJUDEHQVGHYHORSHGZLWKLQ WKH%ULDQoRQQDLVSODWIRUPGXULQJ0HVR]RLF ULIWLQJ
´LQVHTXHQFHµWHFWRQLFV7ULFDUWHWDO7KHDFWXDORUGHURIVWDFNLQJIURPEDVHWR










7KH ´5RFKH &KDUQLqUHµ QDSSH 7KLV QDSSH LV DOVR NQRZQ DV WKH IURQWDO
%ULDQoRQQDLV QDSSH ,W LVPDLQO\ H[SRVHG LQ WKH DUHD RI WKH %5*0 JHRORJLFDOPDS
´*XLOOHVWUHµ 'HEHOPDV HW DO  EHWZHHQ WKH7rWH G·2UpDF DQG5RFKH &KDUQLqUH
VXPPLWV)XUWKHUQRUWKWKLVQDSSHLVWHFWRQLFDOO\UHGXFHGWROHQVHVPDUNLQJWKHFRQWDFW
EHWZHHQ6XEULDQoRQQDLVDQG%ULDQoRQQDLVGRPDLQVLHEHORZWKH0RQWEULVRQPDVVLI
7KH ´&KDPSFHOODµ QDSSH7KLV QDSSH LV DOVR NQRZQ DV ´1DSSH GH OD7rWH
G·$YDO GXPDVVLI GH0RQWEULVRQµ DQG FRUUHVSRQGV WR WKH ´LqPH pFDLOOHµ GHÀQHG E\
















7HUPLHU  FDQEH IRXQG7KHVHEDVHPHQWXQLWVZHOOYLVLEOH LQ WKHQRUWKHUQSDUW





ULPRI WKH3HOYRX[PDVVLI DOWKRXJK ODUJHO\RYHUSULQWHGE\ ODWHU$OSLQHGHIRUPDWLRQ
/RFDOO\ WKUHH$OSLQHGHIRUPDWLRQSKDVHV ''DQG' WKDWSRVWGDWHHDUO\$OSLQH
VWUXFWXUHVIRUPHGEHIRUHWKHGHSRVLWLRQRIWKH3ULDERQLDQDJHQXPPXOLWLFOLPHVWRQHFDQ
EHGHÀQHGDQGDUHEULHÁ\GHVFULEHGEHORZ
6KHDU VHQVH KDYH EHHQ GHGXFHG RQPHVRVFRSLF DQGPLFURVFRSLF VFDOH XVLQJ



































































































ZLWK WKH IURQWDO WKUXVWRI WKH6XEULDQoRQQDLVXQLWVVRXWKRI WKH5RFKHUGH O·<UHWSHDN
ÀJVDQG7KHJHRORJ\RIWKH<UHWPDVVLIZLOOEHSUHVHQWHGLQPRUHGHWDLOV
ZKHQGHVFULELQJ WKHFURVV VHFWLRQV VHVVLRQ 7KH'DXSKLQRLVGRPDLQ UHGXFHG WR
VRPHKXQGUHGPHWHUVLQWKLFNQHVVVXIIHUHGH[WUHPHODPLQDWLRQDVDWWHVWHGE\LPSUHVVLYH
P\ORQLWLVDWLRQRI WKHQXPPXOLWLF OLPHVWRQH IRUPDWLRQ VHHFKDSWHU $OOVKHDUVHQVH
LQGLFDWRUVIRXQGLQWKLVDUHDLPPHGLDWHO\VRXWKRIWKHRQHLQYHVWLJDWHGE\&HULDQLHWDO
VKRZDWRSWR:1:VHQVHRIVKHDULQJ
)XUWKHU VRXWK WKH 57 WKHQ MRLQV WKH EDVDO FRQWDFW RI WKH 5RFKH &KDUQLqUH
XQLWEHORZ WKH´7rWHG·2UpDFµ VXPPLWDW WKHHQWUDQFHRI WKH)RXUQHOYDOOH\ ÀJV 


























)LJXUH 0HVRDQGPLFURVFRSLF VKHDU VHQVH LQGLFDWRUV IRXQGDORQJ VWULNHRI WKH5RVHOHQG
WKUXVW DQG LQGLFDWLQJ WRS:1: GLUHFWHGPRYHPHQWV VDPSOHV DQG RXWFURSV IURP WKH5RFKHU





3KRWRPLFURJUDSKV RI GLIIHUHQW FDOFLWLFPDUEOHV VKRZLQJ DV\PPHWULF FDOFLWH SUHVVXUH IULQJHV









DPRXQWRIGHIRUPDWLRQRI WKH IURQWDO%ULDQoRQQDLVXQLWV VXFKDV IRUH[DPSOHDW WKH






































GH[WUDOVWULNHVOLS IDXOWV WKDWRIIVHW WKH57DQGZKLFKGLHRXW LQ WKH&KDPSVDXUÁ\VFK
ÀJ)XUWKHUVRXWKDQRWKHUGH[WUDORIIVHWKDVDOVREHHQUHFRJQL]HGDWWKHHQWUDQFH
RI'RUPLOORXVHYDOOH\*LYHQ WKH1(6:RULHQWDWLRQRI WKHVHVWULNHVOLSIDXOWVDQG WKH




6:GLUHFWHG WKUXVWLQJ DVVRFLDWHG ZLWK WKH DERYH GHVFULEHG VWULNHVOLS
PRYHPHQWVLVUHFRUGHGZLWKLQWKHEDVDOGHFROOHPHQWOHYHORIWKH7HUWLDU\FRYHUQLFHO\
H[SRVHG LQ)RXUQHO DQG'RUPLOORXVHYDOOH\V ÀJ 8QDPELJXRXV WRS6:GLUHFWHG
VKHDUEDQGV%VWUXFWXUHVRI%UJLVVHUDUHZLGHVSUHDGÀJDQGDVWURQJ6:
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WKH VRXWK DQG DUHQRW UHFRUGHGQRUWKRI WKH3HOYRX[PDVVLI ' VWUXFWXUHV H[KLELW
RSSRVLWHVHQVHVRIWUDQVSRUW'SRVWGDWHVWKHDFWLYLW\DORQJWKH57WKDWZDVDFWLYH
GXULQJ2OLJRFHQH)JHQVFKXKDQG6FKPLG
,W LV WHPSWLQJ WR UHODWHSDUWRI WKH´7HFWRQLTXH ,9µSKDVH 7ULFDUW 
VWUXFWXUHV WR WKHRQHV IRUPHGGXULQJ'DW OHDVW LQ WKH LPPHGLDWHYLFLQLW\RI WKH57





















































FROODSVH (DUO\ WRS1: HPSODFHPHQW RI WKH (PEUXQDLV 8ED\H QDSSH VWDFN KDV EHHQ
SURSRVHGE\.HUFNKRYHDVZHOO2XUÀQGLQJVGHVFULEHGEHORZZLOOEHLQWHJUDWHG
LQWR WKHGHVFULSWLRQRI FURVV VHFWLRQV LQ D ODWHU VHFWLRQ WKDWSURSRVHV DPRGHO IRU WKH
WHFWRQLFHYROXWLRQRIWKHUHJLRQ
:HLQYHVWLJDWHGWKH´VFKLVWHVjEORFVµIRUPDWLRQLQJUHDWGHWDLODWWZRGLIIHUHQW
ORFDOLWLHVQDPHO\ DW WKH2UFLqUHV ORFDOLW\ VHHÀJXUHV  DQG  DQG DW WKH &ROGH











GLUHFWHGGLVSODFHPHQWV ÀJ7KHVH ODWHEULWWOHVWUXFWXUHVFRQWUDVWZLWK WKHRYHUDOO
GXFWLOHGHIRUPDWLRQUHJLPHUHFRUGHGHYHU\ZKHUHHOVHLQWKH´VFKLVWHVjEORFVµDQGWKH\
FDQQRWEHIROORZHGLQFRQWLQXLW\RYHUGLVWDQFHVRIPRUHWKDQWHQPHWHUV
























FG' UHODWHG VKHDUEDQGVGLVVHFWLQJ WKHZKROH´VKLVWHVjEORFVµ IRUPDWLRQ .HUFNKRYH 




WKUXVWLQJ HSLVRGH IROORZHG E\ WRS6: GLUHFWHG PRYHPHQWV $V D FRQVHTXHQFH ZH
SURSRVHWKDWWKHLQLWLDOHPSODFHPHQWGLUHFWLRQRIWKH(PEUXQDLV8ED\HQDSSHVWDFNRQWR







































































































































































































































































































































































































































































































































































V\VWHP %UJLVVHU G\LQJRXW WRZDUGV WKHQRUWK DQG LQFUHDVLQJ VRXWKZDUGVZLWK
D WRWDOGRZQWKURZRIDERXW PHWUHVDFFRUGLQJ WR%UJLVVHU 7KH0HVR]RLF
VHULHVDUHIROGHGZLWKLQDV\QFOLQDOVWUXFWXUHZLWK-XUDVVLFVHULHVLQWKHFRUHDQG7ULDVVLF
FRQJORPHUDWHV DW WKH ULP 7KHVH 7ULDVVLF VHGLPHQWV OLH RQ D SUHVHUYHG VHGLPHQWDU\
FRQWDFWEHORZWKH3H\URQGHV&ODX[EDVHPHQWVOLFHLQGLFDWLQJWKDWWKHHDVWHUQOLPERI
WKH$LOHIURLGHV\QFOLQHLVLQYHUWHG7KLVLQYHUVLRQFDQQRWEHDWWULEXWHGWRDFWLYLW\DORQJ














RI WKH'DXSKLQRLVGRPDLQ7KH57VHSDUDWLQJ WKHVH WZRGRPDLQV LVRIIVHWE\ WKLV'
VWUXFWXUHZKLFKGLHVRXWIXUWKHUHDVWZLWKLQWKH%ULDQoRQQDLVGRPDLQ
&URVVVHFWLRQ%%·ÀJE
7KLV FURVV VHFWLRQ LV SDUDOOHO WR VHFWLRQ$$· DQG ORFDWHG  NLORPHWUHV IXUWKHU












YDULRXVEDVHPHQWVOLFHVRQ WRSRI WKH3HOYRX[PDVVLI VHQVX VWULFWRDQG UHODWHG WR WKH
DFWLYLW\DORQJWKH57
7KH 5RFKHU GH O·<UHW PDVVLI DJDLQ VKRZV DQ LPEULFDWH EHWZHHQ EDVHPHQW
VOLFHVDQGVHGLPHQWDU\FRYHU2XUVWUXFWXUDOGDWDDUHFRQVLVWHQWZLWKÀQGLQJVRI%XWOHU
ZKR DOVR GHVFULEHG:1:GLUHFWHG VKHDULQJ LQ WKLV DUHD 6HQVH RIPRYHPHQW
LV LQGHSHQGHQWO\ FRQÀUPHG E\PLFURIDEULF DQDO\VLV RI (RFHQH QXPPXOLWLF OLPHVWRQH









%DUIpW\HWDOZKHUHD WHFWRQLFFRQWDFW LVGUDZQDW WKHEDVHRI WKHVHEDVHPHQW
XQLWV,QVWHDGWKHXQGHUO\LQJ0HVR]RLFVHGLPHQWVOLHRQDQLQYHUWHGVHGLPHQWDU\FRQWDFW
IRXQGDWWKHEDVHRIWKHVHERXGLQDJHGEDVHPHQWXQLWV,QRXUPRGHOWKH0HVR]RLFVHULHV
























YDOOH\ DERXW  NLORPHWUHV VRXWK RI WKH5RFKHU GH O·<UHWPDVVLI ÀJ :H DOVR
LQWHJUDWHGUHVXOWVSXEOLVKHGE\%UJLVVHU DQG6XHDQG7ULFDUW  LQWR WKHVH
VHFWLRQV
7KH VSHFWDFXODU FKHYURQW\SH IROGV DIIHFWLQJ WKH &KDPSVDXU VDQGVWRQH DUH D










IXUWKHUQRUWK LVIRXQG LQ WKH LPPHGLDWHIRRWZDOORI WKH57IRU WKHÀUVW WLPHDORQJ WKLV
VHFWLRQ0LFURIDEULF DQDO\VLV RI FDOFLWH XOWUDP\ORQLWHV IURP D 'RJJHU OLPHVWRQH VOLFH
LPEHGGHG LQ WKHEODFNÁ\VFK UHYHDOVD:1:GLUHFWHG VHQVHRI WUDQVSRUW ÀJ DQG
FKDSWHU


























































































































































































































































































































































































7KLV 6XEULDQoRQQDLV XQLW LV DOVR DIIHFWHG E\ ODWH NLQNW\SH VWUXFWXUHV ÀJ

























GXULQJ WKH ODWHU 'SKDVH+HQFH WKLV FURVV VHFWLRQ DJDLQ FRQÀUPV WKDW6:GLUHFWHG
PRYHPHQWVSRVWGDWHHDUOLHU1:GLUHFWHGWUDQVSRUW
)XUWKHUHDVWWKH57LVFOHDUO\GRZQIDXOWHGE\WKH'XUDQFHQRUPDOIDXOWQHWZRUN










DQG ODWHUE\7ULFDUW 7ULFDUW  LQGLYLGXDOL]HG WZRJHQHUDWLRQVRIVWUXFWXUHV
IRUPHG GXULQJ WKH VRFDOOHG ´7HFWRQLTXH ,,µ DQG ´7HFWRQLTXH ,,,µ SKDVHVZLWKLQ WKLV
PDVVLI
$FFRUGLQJWR7ULFDUWWKH´ 7HFWRQLTXH,,µSKDVHFRUUHVSRQGVWRGHIRUPDWLRQ




























































































































































































































































































































































































































)LQDOO\ NLQNW\SH VWUXFWXUHV UHODWHG WR HDVWZDUGGLUHFWHG PRYHPHQWV FDQ EH
REVHUYHG LQ WKLV SURÀOH 7KHVH VWUXFWXUHV KDYH EHHQ UHFRJQL]HG ZLWKLQ WKH *DXOHQW
PDVVLI ÀJ EDQG LQGXFHD VXGGHQ VWHHSHQLQJRI WKHD[LDOSODQHRI WKH(PEUXQDLV
)LJXUH(YLGHQFH IRU WRS6:GLUHFWHG
VKHDU EDQGV IRXQG LQ WKH IRRWZDOO RI WKH



















7KH VHFRQG PDMRU ÀQGLQJ FRQFHUQV WKH HDUO\ HPSODFHPHQW GLUHFWLRQ RI WKH
(PEUXQDLV8ED\H QDSSH VWDFN RQWR WKH 'DXSKLQRLV GRPDLQ (YLGHQFHV IRXQGZLWKLQ
WKH ´VFKLVWHV j EORFVµ .HUFNKRYH  XQLWV DW WKH EDVH RI WKHVH QDSSHV LQGLFDWH D
:1:GLUHFWHGVHQVHRIWUDQVSRUWVKRUWO\DIWHUGHSRVLWLRQRIWKHVHGLPHQWVLQDFFRUGDQFH












7KLUGO\ZHGHPRQVWUDWHG WKDW6:GLUHFWHGPRYHPHQWV 'DUH ODWHU WKDQ WKH
:1:GLUHFWHG'HPSODFHPHQWRILQWHUQDOO\GHULYHGXQLWVRQWRWKH'DXSKLQRLVGRPDLQ




















WKHEDFNRI WKHGHIRUPDWLRQIURQWDVREVHUYHGGXULQJ WRS6: WKUXVWLQJ LQ WKH)RXUQHO
YDOOH\IRUH[DPSOHDQGDVSRLQWHGRXWE\%UJLVVHU)XUWKHUPRUHJUDYLW\GULYHQ










RQODQGJHRORJLFDOGDWD &DYD]]D HW DO  &DUPLQDWWL HW DO )DFFHQQD HW DO
DE5ROOHWHWDO%ODQFRDQG6SDNPDQ6SDNPDQHWDODOORZIRUD
VFHQDULREULHÁ\VXPPDUL]HGEHORZ
$FFRUGLQJ WR %XUUXV  ULIWLQJ ZLWKLQ WKH ZHVWHUQ 0HGLWHUUDQHDQ EDVLQ
VWDUWHGGXULQJWKH(DUO\2OLJRFHQHÀJELHDWDERXW0D2GLQDQG2GLQ
1(6: WUHQGLQJQRUPDOIDXOWV ÀJFVWDUWHG WRGLVVHFWDUHDVSUHYLRXVO\VXEMHFWHG
WRFRPSUHVVLRQDOGHIRUPDWLRQVXFKDVWKH3\UHQHHVDQGWKH,EHULDQFKDLQV'XULQJ/DWH
2OLJRFHQH WR(DUO\0LRFHQH WLPHV ÀJF WKH9DOHQFLD WURXJKDUHD LVVXEMHFWHG WR


































































2FHDQL]DWLRQZLWKLQ WKH/LJXUR3URYHQoDOEDVLQ WDNLQJ SODFHGXULQJ WKH (DUO\
0LRFHQH9LJOLRWWLDQG/DQJHQKHLPVWDUWVLQWKH$TXLWDQLDQDQGLVUHVSRQVLEOHIRU
PRVWRIWKHFRXQWHUFORFNZLVHURWDWLRQRIWKH&RUVLFD6DUGLQLD&DODEULDEORFNÀJV

















7KH JHRG\QDPLFPHFKDQLFDO HYROXWLRQ LV DV GHVFULEHG E\ 'HZH\  LH EDFNDUF
H[WHQVLRQRFFXUVZLWKLQDVXEGXFWLRQ]RQHV\VWHPZKHQ WKHYHORFLW\RIVODE UHWUHDW LV
KLJKHUWKDQWKDWRIWKHRYHUULGLQJSODWH











VKLIW RI H[WHQVLRQDO GHIRUPDWLRQ IURP WKH/LJXUR 3URYHQoDO WR WKH7\UUKHQLDQ EDVLQV
LQ/DQJKLDQWLPHV,QWKHVHPRGHOVEDFNDUFH[WHQVLRQÀQGVLWVRULJLQLQWKHDGGLWLRQDO
ORDGLQJRIWKHGHWDFKHGSDUWVRIWKHVXEGXFWHGVODERQWRWKHQRQGHWDFKHGSDUWVRIWKLV
VDPHVODE7KLVSXOOIDYRUV WKHUHWUHDWRI WKHVXEGXFWLRQ WUHQFKZKLFK LQ WXUQ LQGXFHV











$VDUJXHGE\-ROLYHWDQG)DFFHQQD  WKHVODE UHWUHDWPRGHOVGRQRWH[SODLQ WKH
VXGGHQFKDQJHIURP$OSLQHFRPSUHVVLRQWRH[WHQVLRQDQGWKHYHUWLFDOVKHDUPRGHOVDUH
QRW DSSURSULDWH IRU H[SODLQLQJ WKH RSHQLQJ RI WKH/LJXUR3URYHQFDO EDVLQ SUHYLRXVO\
QRWVWURQJO\DIIHFWHGE\$OSLQHFROOLVLRQ0RGHOV LQYROYLQJVODEGHWDFKPHQWSURFHVVHV
DUHKRZHYHU VXFFHVVIXO LQH[SODLQLQJ WKHRSHQLQJRI ORFDOEDVLQV VXFKDV WKH/LJXUR
3URYHQFDODQG7\UUKHQHDQEDVLQV
&DUPLQDWL HW DO E SURSRVHG WKDW WKH ODWH 2OLJRFHQH WR HDUO\ /DQJKLDQ
H[WHQVLRQDOSKDVH UHVSRQVLEOH IRU WKHRSHQLQJRI WKH/LJXUR3URYHQoDOEDVLQ UHVXOWHG
IURPUROOEDFNRIWKH$IULFDQVODE7KHVHDXWKRUVSURSRVHGWKDWWKHODWHURSHQLQJRIWKH
7\UUKHQLDQEDVLQPDUNLQJWKHHDVWZDUGPLJUDWLRQRIH[WHQVLRQZLWKLQWKH0HGLWHUUDQHDQ








7KHQXPHULFDOVLPXODWLRQVDSSOLHG WR WKH2OLJRFHQH WR%XUGLJDOLDQ 0D


































'H5XLJ /HWRX]H\ 2WWG·(VWHYRX DQG*DOLQGR=DOGLYDUHWDO
LQGLFDWLQJWKDWWKHFKRVHQPRGHOPLJKWEHDUHDVRQDEOHDSSUR[LPDWLRQ
,QVXPPDU\ZHSURSRVHWKDW'WRS6:GHIRUPDWLRQLVOLQNHGWRWKHIRUPDWLRQ






















)LQDOO\ 6:GLUHFWHG GLVSODFHPHQWV D SHFXOLDU IHDWXUH RQO\ UHFRUGHG LQ WKLV
SRUWLRQRI WKH:HVWHUQ$OSVDUHFOHDUO\ ODWHUFRPSDUHG WRDFWLYLW\DORQJ WKH5RVHOHQG
WKUXVW,WLVSURSRVHGWKDW6:GLUHFWHGPRYHPHQWVDUHOLQNHGWRWKHRSHQLQJRIWKHZHVWHUQ
0HGLWHUUDQHDQEDVLQDQGIRUPDWLRQRIWKH$SHQQLQHFKDLQ
7KLV OLQNDJH EHWZHHQ:HVWHUQ$OSV DQG$SSHQLQHV FRXOG SDUWLDOO\ H[SODLQ WKH ODUJH
DPRXQWVRI7HUWLDU\URWDWLRQUHYHDOHGE\SDOHRPDJQHWLFVWXGLHVZLWKLQWKH%ULDQoRQQDLV































GH0RQWEULVRQ HW VHV HQYLURQV %ULDQoRQ+DXWHV$OSHV7UDYDX[ GX/DERUDWRLUH GH
*HRORJLHGHOD)DFXOWHGHV6FLHQFHVGH*UHQREOH












































%UJLVVHU - DQG )RUG0  2YHUWKUXVW VKHDU GHIRUPDWLRQ RI D IRUHODQG EDVLQ








VSHFLDOLVpHGH OD6RFLHWHJHRORJLTXHGH)UDQFH %XOOHWLQGH OD6RFLHWH*HRORJLTXHGH
)UDQFH+XLWLHPH6HULHSS


















$GULDWLF6HD $OEDQLDQ'LQDULGHV %DONDQV 0RHVLDQ3ODWIRUP7KH75$160('
$WODV7KH0HGLWHUUDQHDQUHJLRQIURPFUXVWWRPDQWOH6SULQJHU
&DYD]]D: DQG:H]HO )& 7KH0HGLWHUUDQHDQ UHJLRQ D JHRORJLFDO SULPHU
,QWHUQDWLRQDO8QLRQRI*HRORJLFDO6FLHQFHV
&DYD]]D : 5RXUH ) DQG =LHJOHU 3$  7KH 0HGLWHUUDQHDQ $UHD DQG WKH
6XUURXQGLQJ 5HJLRQV $FWLYH 3URFHVVHV 5HPQDQWV RI )RUPHU 7HWK\DQ 2FHDQV DQG













&ODXGHO0( 5HFRQVWLWXWLRQSDOpRJpRJUDSKLTXHGXGRPDLQH %ULDQoRQQDLV DX
0pVR]RLTXH8QLYHUVLWp-RVHSK)RXULHU*UHQREOH,*UHQREOHSS








'HODFRX %  7HFWRQLTXH HW JpRG\QDPLTXH DFWXHOOH GH O·DUF DOSLQ $SSURFKH
VLVPRWHFWRQLTXHHWPRGpOLVDWLRQQXPpULTXHSS

































)DFFHQQD & )XQLFLHOOR )*LDUGLQL ' DQG /XFHQWH 3 E (SLVRGLF EDFNDUF













)URLW]KHLP16FKPLG60 DQG)UH\0 0HVR]RLFSDOHRJHRJUDSK\ DQG WKH
























*LGRQ 3 DQG9HUQHW - /HV DFFLGHQWV V\QFOLQDX[ GH OD KDXWH YDOOHH GX 'UDF























*UDWLHU -30HQDUG* DQG$USLQ5  6WUDLQGLVSODFHPHQW FRPSDWLELOLW\ DQG
UHVWRUDWLRQRI WKH&KDLQHV6XEDOSLQHVRI WKH:HVWHUQ$OSV*HRORJLFDO6RFLHW\6SHFLDO
3XEOLFDWLRQV



































/DZVRQ. 7KUXVWJHRPHWU\ DQG IROGLQJ LQ WKH$OSLQH VWUXFWXUDO HYROXWLRQRI
+DXWH3URYHQoH8QLYHUVLW\RI:DOHV6ZDQVHD
/D]DUUH-7ULFDUW3&RXUULRX[*DQG/HGUX3+HULWDJHWHWK\VLHQHWSRO\SKDVDJH
DOSLQ UHLQWHUSUHWDWLRQ WHFWRQLTXH GX ´V\QFOLQDOµ GH O·DLJXLOOH GH 0RUJHV PDVVLI GX
3HOYRX[$OSHV RFFLGHQWDOHV )UDQFH &RPSWHV5HQGXV GH O·$FDGHPLH GHV 6FLHQFHV
6HULH,,6FLHQFHVGHOD7HUUHHWGHV3ODQHWHV
/H3LFKRQ;/DQGORFNHGRFHDQLFEDVLQVDQGFRQWLQHQWDOFROOLVLRQWKHHDVWHUQ






















































































































6SDNPDQ: DQG:RUWHO5 $7RPRJUDSKLF9LHZ RQZHVWHUQ0HGLWHUUDQHDQ
*HRG\QDPLFV7KH75$160('$WODV7KH0HGLWHUUDQHDQUHJLRQIURPFUXVWWRPDQWOH
6SULQJHU




























































9LDORQ35RFKHWWH3DQG0HQDUG* ,QGHQWDWLRQDQG URWDWLRQ LQ WKHZHVWHUQ
$OSLQHDUF*HRORJLFDO6RFLHW\6SHFLDO3XEOLFDWLRQV
9LJOLRWWL / DQG /DQJHQKHLP 9(  :KHQ GLG 6DUGLQLD VWRS URWDWLQJ" 1HZ
SDODHRPDJQHWLFUHVXOWV7HUUD1RYD












 0,&52)$%5,&6 2) &$/&,7( 8/75$0</21,7(6
5(&25',1* &2$;,$/ $1' 121&2$;,$/ '()250$7,21
























0LFURIDEULFVZHUH DQDO\VHG LQ FDOFLWHP\ORQLWHV IURP WKH ULP RI WKH 3HOYRX[
PDVVLI :HVWHUQ$OSV )UDQFH:1:GLUHFWHG HPSODFHPHQW RI WKH LQWHUQDO 3HQQLQLF
XQLWV RQWR WKH 'DXSKLQRLV GRPDLQ KDV OHDG WR LQWHQVH GHIRUPDWLRQ RI DQ (RFHQHDJH







LV HYLGHQW LQ VDPSOHVZLWKPRQRFOLQLF VKDSH IDEULFV DQG WH[WXUHV FKDUDFWHUL]HG E\ D




PLQRU FRQWULEXWLRQVRIEDVDOD! VOLS ,Q FRQWUDVW WKHPRQRFOLQLF WH[WXUHVGHYHORSHG











0LFURIDEULFV LH PLFURVWUXFWXUHV DQG WH[WXUHV DUH LPSRUWDQW UHFRUGV RI
GHIRUPDWLRQFRQGLWLRQVDQGNLQHPDWLFVLQGHIRUPHGURFNV7KHWHUPWH[WXUHLVUHIHUUHG
KHUHSDUWLFXODUO\ WRFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQV &32DVEHLQJXVHG VHQVX
VWULFWR LQPDWHULDOV VFLHQFHV %XQJH &DOFLWHPLFURIDEULFVDUHSDUWLFXODUO\XVHG
WR FKDUDFWHUL]H GHIRUPDWLRQ XQGHU ORZJUDGH PHWDPRUSKLF FRQGLWLRQV ZKHUH RWKHU




DV\PPHWU\ RI FDOFLWH WH[WXUHV DQG WKHLU NLQHPDWLF VLJQLÀFDQFH DV LQGLFDWRUV IRU SXUH
VKHDURU VLPSOH VKHDUGHIRUPDWLRQ .HUQ	:HQN :HQNHWDO (UVNLQHHW
DO5DWVFKEDFKHUHWDO%HVWPDQQHWDO&DOFLWHWH[WXUHVLQQDWXUDOO\
DQG H[SHULPHQWDOO\GHIRUPHG URFNVPRVWRIWHQ H[KLELW FD[LVPD[LPD URWDWHG DJDLQVW
WKHVHQVHRIVKHDU6FKPLGHWDO/DIUDQFHHWDO&DVH\HWDO










7KLV LQWHUSUHWDWLRQ LVQRWXQDPELJXRXVDV WKHUHDUHDOVR WH[WXUHVUHSRUWHGZLWK














LW LVSDUWLFXODUO\ WKHJUDLQVKDSH IDEULFKHUH UHIHUUHG WRDVVKDSHSUHIHUUHGRULHQWDWLRQ
6322UWKRUKRPELF632DUHJHQHUDOO\ LQGLFDWLYHRIGRPLQDQWO\FRD[LDOGHIRUPDWLRQ


















































































7KHGHJUHHRI$OSLQHPHWDPRUSKLFRYHUSULQWRI WKH HDVWHUQ ULPRI WKH3HOYRX[
PDVVLIDVHVWLPDWHGE\$SUDKDPLDQ E\PHDQVRI LOOLWHFU\VWDOOLQLW\ ,&
PHDVXUHPHQWVRFFXUUHGXQGHUHSL]RQDOFRQGLWLRQV,&IRUWKH5<6=)XUWKHUPRUH
WHPSHUDWXUHVFDQ LQGLUHFWO\EHGHULYHG IURPDFRQWRXUHG]LUFRQÀVVLRQ WUDFN LVRFKURQ
PDSRIWKH:HVWHUQ$OSVFRPSLOHGE\)JHQVFKXKDQG6FKPLG7KHZKROHHDVWHUQ
ULPRI WKH3HOYRX[PDVVLI LV FKDUDFWHUL]HGE\ ]LUFRQÀVVLRQ WUDFN DJHVROGHU WKDQ 
0\LQGLFDWLQJWKDWWKHFRUUHVSRQGLQJURFNVKDGQRWEHHQH[SRVHGWRWHPSHUDWXUHVDERYH
WKHXSSHU OLPLWRI WKH ]LUFRQSDUWLDO DQQHDOLQJ ]RQH LH & 7DJDPL HW DO 
IRU 0\=LUFRQÀVVLRQ WUDFNGDWD IURP WKH%ULDQoRQQDLV DQG'DXSKLQRLVGRPDLQV
LPPHGLDWHO\VRXWKRIWKH5<6=6HZDUGHWDO\LHOGHGDJHVROGHUWKDQ0\
ZKLFK FOHDUO\ H[FOXGHVPHWDPRUSKLF WHPSHUDWXUHV DERYH & GXULQJ WKH 7HUWLDU\
+HQFH WHPSHUDWXUHVPXVWKDYHEHHQDURXQG&RUHYHQVOLJKWO\EHORZDURXQG WKH
ZKROHHDVWHUQULPRIWKH3HOYRX[PDVVLI3UHOLPLQDU\UHVXOWVEDVHGRQQHZ,&GDWDDQG
ÁXLG LQFOXVLRQ DQDO\VHV LQGLFDWH ORZ DQFKL]RQDOPHWDPRUSKLF FRQGLWLRQV 3RWHOSHUV
FRPPSXWWLQJ WKH HSL]RQDO FRQGLWLRQVSURSRVHGE\$SUDKDPLDQ   DJDLQ
XQGHUTXHVWLRQ
6WUXFWXUDOVHWWLQJ



























































+) #3*+/  #3-+* "#. (02
 .#)#*/ 0*'/











VLWXDWHGZLWKLQ WKH WRSPRVWSDUWVRI WKH5<6=,WH[SRVHVD OD\HURIP\ORQLWL]HG







7KHPDLQ OLPHVWRQH OD\HU LV DFFHVVLEOH RYHU D KRUL]RQWDO GLVWDQFH RI DERXW 
PHWHUVVWULNLQJ11(66:,WVP\ORQLWLFWRXOWUDP\ORQLWLFIROLDWLRQLVSDUDOOHOWRLQWHUQDO
EHGGLQJDQG WR WKHRULJLQDO VWUDWLJUDSKLFFRQWDFWZLWK WKHEDVHPHQWERXGLQ7KH OD\HU







































































































































































































































WKH IRUPDWLRQRI DEDVHPHQWFRYHU LPEULFDWH VWUXFWXUH%\ DSSURDFKLQJ WKH VWULNHVOLS







7KH WUDQVLWLRQ LQRULHQWDWLRQRIERWKIROLDWLRQVDQGVWUHWFKLQJ OLQHDWLRQV LVUDWKHU
JUDGXDOEHWZHHQ WKH ORFDWLRQVRISURÀOH  VWHHSO\SOXQJLQJ VWUHWFKLQJ OLQHDWLRQ DQG
SURÀOH PRVWO\KRUL]RQWDORUVKDOORZO\SOXQJLQJVWUHWFKLQJ OLQHDWLRQ7KLV LQGLFDWHV
WKDWGHIRUPDWLRQRIWKHOLPHVWRQHOD\HUZDVFRHYDOLQSURÀOHVDQG










D 6WUXFWXUDO VFKHPH RI WKH LQYHVWLJDWHG RXWFURS DW VDPSOLQJ ORFDOLW\  )DXOW SODQH RULHQWDWLRQVZLWK
VWULDWLRQVRIWKHPDLQVWULNHVOLS]RQHDUHUHSRUWHG



































)DXOW SODQHV DQG VWULDWLRQV
3URILOH 
$YHUDJH )ROLDWLRQ 
$YHUDJH 6WUHWFKLQJ /LQHDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
3URILOH 
$YHUDJH )ROLDWLRQ 
$YHUDJH 6WUHWFKLQJ /LQHDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 


















6DPSOHV ZHUH FXW QRUPDO WR WKHPDFURVFRSLF IROLDWLRQ 6D DQG SDUDOOHO WR WKH
VWUHWFKLQJOLQHDWLRQ;=VHFWLRQV$SSUR[LPDWHO\PWKLFNXOWUDWKLQVHFWLRQVVKRZLQJ
¿UVW RUGHU JUH\ LQ FDOFLWH LQ FURVVHG SRODULVHG OLJKWZHUH SUHSDUHG IRUPLFURVWUXFWXUDO






JUDLQ ERXQGDU\ VXUIDFHV ZDV DQDO\VHG XVLQJ WKH SURJUDP 685)25 3DQR]]R 













































7ZR W\SHVRIFRPSRQHQWVZHUHREVHUYHG LQ WKH WKLQVHFWLRQ7KHÀUVW W\SHFRQVLVWVRI
QXPPXOLWHDQGHFKLQRGHUPIUDJPHQWVZKRVHVL]HYDULHVEHWZHHQDQGPLOOLPHWUHV




































0RVW RI WKH FOHDUO\ YLVLEOH VKDSH IDEULF DQLVRWURS\ LV DWWULEXWHG WR SULPDU\








%HORZ ZH GHVFULEH SURJUHVVLYH GHIRUPDWLRQ LQ WKUHH VDPSOHV FROOHFWHG DORQJ
SURÀOHDFURVVWKHVRXWKHUQSDUWRIORFDOLW\ÀJE
6DPSOH03< ÀJV E F7KLV VDPSOH VKRZV DSURWRP\ORQLWLF IDEULF DQG
G\QDPLF UHFU\VWDOOLVDWLRQ DIIHFWHG DOO WKH ELRJHQLF FRPSRQHQWV 7KH UHFU\VWDOOLVDWLRQ
PLFURVWUXFWXUHVDUHKHWHURJHQHRXVEHFDXVHWKHH[WHQWRIWKHLUGHYHORSPHQWLVVHQVLWLYHWR
WKHLQLWLDOVWUXFWXUHRIWKHFRPSRQHQWV
1XPPXOLWHV DQG HFKLQRGHUP IUDJPHQWV W\SLFDOO\ VKRZ D ´FRUH DQG PDQWOHµ
VWUXFWXUH1HZ JUDLQVZHUH SURGXFHG E\ SURJUHVVLYH VXEJUDLQ URWDWLRQ LQ HFKLQRGHUP











G H6DPSOH03< VKRZV DKRUL]RQWDOO\ HORQJDWHGQXPPXOLWH VKHOO0LFURVWUXFWXUDO IHDWXUHV LQGLFDWH







7KH RXWHU VXUIDFHV RI QXPPXOLWHV DUH FRPPRQO\ RULHQWHG SDUDOOHO WR IROLDWLRQ
'DUNRXWOLQHVPDUNHGE\ UHODWLYHO\ LQVROXEOHÀQHJUDLQHGPLQHUDOV KHPDWLWHFKORULWH
PLFDVDUHLQWHUSUHWHGDVUHPQDQWVRIGLVVROYHGPDWHULDOLQGLFDWLQJWKDWSUHVVXUHVROXWLRQ
KDV DOVR FRQWULEXWHG WR WKHGHIRUPDWLRQRI WKHVH FDOFLWH URFNV6RPH H[WHUQDO ULPVRI
WKHQXPPXOLWHV DUH IUDJPHQWHGGXULQJSURJUHVVLYHGHIRUPDWLRQ:KHUH IUDJPHQWDWLRQ
RFFXUV WKH LQWHUQDO SDUWV RI WKH QXPPXOLWH VKHOOV VKRZ D JUHDWHU GHJUHH RI G\QDPLF
UHFU\VWDOOLVDWLRQ





















DQG DJUDLQ VL]HPRGHRI +P<=VHFWLRQV VKRZ632ZLWK WKH DYHUDJH ORQJ D[LV
DOVRSDUDOOHOWRIROLDWLRQDQDYHUDJHDVSHFWUDWLRRIDQGDJUDLQVL]HPRGHRI+P
,Q FRPELQDWLRQ WKH DYHUDJH JUDLQ VKDSH HOOLSVRLG LV DOLJQHG SDUDOOHO WR WKH VWUXFWXUDO
UHIHUHQFHV\VWHP;<=DQGZRXOGSORWQHDU WKHGLDJRQDO LQD)OLQQW\SHGLDJUDPZLWK
.aLQGLFDWLQJDVOLJKWO\SURODWHJUDLQVKDSH7KHPLFURVWUXFWXUHRIWKHG\QDPLFDOO\












7KH FD[LV SROHÀJXUH RI WKHPRVW UHFU\VWDOOLVHG VDPSOH 03< VKRZV WZR GLVWLQFW
PD[LPD F_DQGF`DW WKHSHULSKHU\RI WKHSROHÀJXUHV\PPHWULFDOO\RULHQWHGDW
































































































































































                   
)LJXUH 0LFURVWUXFWXUDO DQDO\VLV RIP\ORQLWH VDPSOH03< LQGLFDWLQJ FRD[LDO GHIRUPDWLRQ7KH
DYHUDJHJUDLQVKDSHHOOLSVRLGLVWULD[LDODQGSDUDOOHOWRWKHVWUXFWXUDOUHIHUHQFHIUDPH







































































































































































































































































%HORZZH GHVFULEH SURJUHVVLYH GHIRUPDWLRQ DORQJ SURÀOH  DFURVV WKH VLQLVWUDO
VKHDU]RQHLQWKHQRUWKHUQSDUWRIWKHRXWFURSDWORFDOLW\ÀJF7KHVHURFNVZHUH
GHIRUPHGXQGHUVLPLODUFRQGLWLRQVDVWKHRQHVIURPSURÀOHDQGVLPLODUSURFHVVHVRI
G\QDPLF UHFU\VWDOOL]DWLRQ DQGRU SUHVVXUH VROXWLRQ DUH LQIHUUHG7KH VSHFLÀF VDPSOHV
ZHUHVHOHFWHGWRPDWFKSDLUZLVHWKRVHIURPSURÀOHLQWHUPVRIWKHH[WHQWRIG\QDPLF
UHFU\VWDOOL]DWLRQDQGRIWH[WXUHVWUHQJWK






























































































































































































































































































































































































































































































7KLVVDPSOH6DDVKRZVD WH[WXUH WKDW LV LQWHUPHGLDWHEHWZHHQ WKDWRIVDPSOHV





RI WKHSROHÀJXUHVGHYLDWHVYLVLEO\ IURPPRQRFOLQLFDERXW WKH<D[LVRI WKHVWUXFWXUDO






   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WKHQ WKH WH[WXUH SUHVHUYHV PRQRFOLQLF V\PPHWU\ RWKHUZLVH WKH WZRIROG V\PPHWU\
DURXQG<LVEURNHQ
7KHSROHÀJXUHVIRUWKHWKUHHPRGHOVDUHVKRZQLQÀJWREHFRPSDUHGZLWK
WKRVH IRU WKH VDPSOHVRISURÀOH  ÀJ SURÀOH  ÀJ RU ORFDOLW\  ÀJ 
ERWWRP7KH\ UHVHPEOHSDUWLFXODUO\ WKHV\PPHWU\RI WKH WKUHH WH[WXUH W\SHVZKLFK LV
RUWKRUKRPELF IRUSURÀOH PRGHOFRPRQRFOLQLF IRUSURÀOH PRGHOQRQFRDQG
DV\PPHWULFIRUORFDOLW\PRGHOLQW
,QYHUVHSROHÀJXUHV







































































,3) IRU=DQGF_KDYH WKHVKDUSHVWFRQFHQWUDWLRQVZKLFKDUH WRZDUGV WKHFD[LV7KH
,3)IRU;DQG<VKRZJLUGOHGLVWULEXWLRQVDORQJGLUHFWLRQVLQWKHEDVDOSODQHVZKHUHWKH









7KHPLFURIDEULF HYROXWLRQ VKRZV WKH IROORZLQJ FKDUDFWHULVWLFVZLWK LQFUHDVLQJ
GLVWDQFH WR WKH EDVHPHQW DORQJ ERWK SURÀOHV  DQG   7KH H[WHQW RI G\QDPLF
UHFU\VWDOOLVDWLRQLQFUHDVHV7KHG\QDPLFDOO\UHFU\VWDOOLVHGJUDLQVVKRZDQLQFUHDVLQJ
GHJUHHRIVKDSHSUHIHUUHGRULHQWDWLRQ,QFUHDVLQJO\VWURQJHUWH[WXUHVGHYHORS7KHVH




















E\  DURXQG WKHVH WKUHH D[HV ZKLFK LV DOPRVW HTXLYDOHQW WR PLUURU V\PPHWULHV
SHUSHQGLFXODUWRWKHP7KH\GRQRWLQGLFDWHDQ\SUHIHUUHGVHQVHRIVKHDULQJLHGRQRW
FRQWDLQ DQ\ UHFRUG RI GRPLQDQW QRQFRD[LDO VLPSOH VKHDU GHIRUPDWLRQ:H LQWHUSUHW
WKHVHURFNVWREHGHIRUPHGXQGHUDFRD[LDOGHIRUPDWLRQSDWKZKHUHDOOWKUHHSULQFLSDO
D[HVDUHGLVWLQFWZKLFKLVSUHVXPDEO\FORVHWRSODQHVWUDLQLHSXUHVKHDU7KHLQIHUUHG
SULQFLSDOVWUHVVD[HVQHDUO\FRLQFLGHZLWK WKHD[HVRI WKHVWUXFWXUDO UHIHUHQFHIUDPHRI
SUR¿OHLHmLVRULHQWHGDERXWQRUPDOWRWKHPDFURVFRSLFIROLDWLRQDQGmIDOOVQHDU
WKHVWUHWFKLQJOLQHDWLRQZKLFKLQGHSHQGHQWO\GHPRQVWUDWHVFRQGLWLRQVRIFRD[LDOVWUDLQ
7KH VDPSOHV IURP SURÀOH  SRVVHVVPLFURVWUXFWXUHV DQG WH[WXUHV WKDW KDYH QR
PRUH WKDQPRQRFOLQLFVDPSOHV\PPHWU\ZLWKDVLQJOH WZRIROGV\PPHWU\D[LVDURXQG
WKH LQWHUPHGLDWHVWUDLQD[LV< ,W LVHPSKDVL]HG WKDW WKH IDEULFV\PPHWU\FRXOGQRWEH












7KHUHIRUH WKH GHIRUPDWLRQ PHFKDQLVPV DQG LQWHUQDO FRQGLWLRQV OLNH UDWLRV EHWZHHQ
FULWLFDO UHVROYHG VKHDU VWUHVVHV IRUDFWLYDWLQJGLIIHUHQW VOLS V\VWHPV VKRXOGKDYHEHHQ
LGHQWLFDO+HQFH WKHGLIIHUHQFHV LQ WH[WXUH HYROXWLRQ UHODWH WRGLIIHUHQWNLQHPDWLFVRI
GHIRUPDWLRQ
$V\PPHWULFIDEULFV
7KHPLFURVWUXFWXUH RI VDPSOH 6DD LQGLFDWHV WKDW WKLV URFNZDV GHIRUPHG E\












7KH IROORZLQJ VOLS V\VWHPV KDYH EHHQ FRQÀUPHG DV GRPLQDQW VOLS V\VWHPV IRU





















































WR WKHIROLDWLRQZKLFK WKXVDUHQRWZHOORULHQWHGVOLSSODQHV7KHEDVDOSODQH LQFOLQHG
DW WR WKHIROLDWLRQ´ZLWK WKHVHQVHRIVKHDUµ LV WKHRQO\SRWHQWLDOVOLSSODQH WKDW LV
FORVHWRWKHRULHQWDWLRQRIWKHEXONVKHDUSODQHDQGZKLFKFRXOGKDYHEHHQDFWLYDWHGE\
GXSOH[VOLSDORQJWKHWZRDGLUHFWLRQVWKDWDUHQRWSDUDOOHOWR<+RZHYHUJLYHQWKHDQJOH
RIEHWZHHQEDVDOSODQHDQGIROLDWLRQLWDSSHDUV WKDWDQWLWKHWLFVOLSDORQJ WKH IRUU
SODQHVZRXOGDOVREHQHHGHGLQRUGHUWRPDLQWDLQKRPRJHQHRXVVLPSOHVKHDUGHIRUPDWLRQ
0DQFNWHORZ6FKPLG%DVDO>D@VOLSV\VWHPVDUHSHUIHFWO\RULHQWHGIRUWKH






















































7KH SUHYLRXV GLVFXVVLRQ UHYHDOHG WKDW WKHUH VHHPV WR EH D JUDGXDO VKLIW IURP
SUHGRPLQDQWUKRPEVOLSUDQGIVOLSLQSXUHVKHDUWRSUHGRPLQDQWEDVDOVOLSLQVLPSOH


















DOVREHD UHDVRQ IRU WKHJHQHUDOREVHUYDWLRQ WKDW WKHPLFURIDEULFV LQFDOFLWHP\ORQLWHV





















7RRXUNQRZOHGJHDOOSXEOLVKHGREOLTXHFDOFLWHFD[LV WH[WXUHV VHH IRUH[DPSOH
%HKUPDQQ  'LHWULFK DQG 6RQJ  6FKPLG HW DO  5DWVFKEDFKHU HW DO
H[KLELWPD[LPDRULHQWHG´DJDLQVW WKHVHQVHRIVKHDUµDVH[SHFWHGZKHQFDOFLWH
HWZLQQLQJ LV UHVSRQVLEOH IRU WH[WXUH HYROXWLRQ 6FKPLG HW DO  ,Q RXU VDPSOHV




7ZRFRQGLWLRQVQHHG WREHVDWLVÀHG LI WKH LQWHUSUHWDWLRQRI WKH WH[WXUH WUDQVLWLRQ
GLVFXVVHG VR IDU LV FRUUHFW 7KH VOLS V\VWHPV LQYROYHG U I DQGEDVDOSODQHQHHG
WR KDYH FRPSDUDEOH FULWLFDO UHVROYHG VKHDU VWUHVVHV DW WKH WHPSHUDWXUH FRQGLWLRQV RI
GHIRUPDWLRQ DQG  WKHUH PXVW EH YHU\ VXERUGLQDWH WZLQQLQJ GXULQJ GHIRUPDWLRQ
&RQGLWLRQ DSSHDUV WREHVDWLVÀHGIRU WKHKLJK WHPSHUDWXUHGHIRUPDWLRQUHJLPH 'H








































































































































































































LQGLFDWLYHRI VLPSOH VKHDUGRPLQDWHGGHIRUPDWLRQ7KH WH[WXUHVRI WKHVH VDPSOHVDOVR
VKRZRUWKRUKRPELFDQGPRQRFOLQLFV\PPHWULHVUHVSHFWLYHO\DQGFRQÀUPWKHFRQFOXVLRQ
WKDW WKH WZR SURÀOHV UHSUHVHQW FDVHV WKDW DUH FORVH WR WKH SXUH DQG VLPSOH VKHDU HQG
PHPEHUV







GHIRUPHG FDOFLWLF URFNVZKHUH DQREOLTXH FD[LVPD[LPXP W\SLFDOO\RFFXUVRSSRVLWH
WRWKHVHQVHRIVKHDUGXHWRHWZLQQLQJ7KHFD[LVPD[LPXPURWDWHGV\QWKHWLFDOO\ZLWK


















































%UJLVVHU - DQG )RUG0  2YHUWKUXVW VKHDU GHIRUPDWLRQ RI D IRUHODQG EDVLQ
VWUXFWXUDO VWXGLHV VRXWKHDVW RI WKH 3HOYRX[0DVVLI 6( )UDQFH -RXUQDO RI 6WUXFWXUDO
*HRORJ\
%XQJH +-  7H[WXUH $QDO\VLV LQ 0DWHULDO 6FLHQFH  0DWKHPDWLFDO 0HWKRGV
%XWWHUZRUWK/RQGRQ
%XWOHU 5:+  7KUXVW ]RQH NLQHPDWLFV LQ D EDVHPHQWFRYHU LPEULFDWH VWDFN
HDVWHUQ3HOYRX[0DVVLI)UHQFK$OSV-RXUQDORI6WUXFWXUDO*HRORJ\
&DVH\ 0  1XPHULFDO DQDO\VLV RI ;UD\ WH[WXUH GDWD DQ LPSOHPHQWDWLRQ LQ
















'LHWULFK ' DQG 6RQJ+  &DOFLWH IDEULFV LQ D QDWXUDO VKHDU HQYLURQPHQW WKH
+HOYHWLFQDSSHVRIZHVWHUQ6ZLW]HUODQG-RXUQDORI6WUXFWXUDO*HRORJ\
(GLQJWRQ -:0HOWRQ.1&XWOHU&3 6XSHUSODVWLFLW\3URJ0DW6FL 

(UVNLQH%*+HLGHOEDFK)DQG:HQN+5/DWWLFHSUHIHUUHGRULHQWDWLRQVDQG
PLFURVWUXFWXUHV RI GHIRUPHG &RUGLOOHUDQPDUEOHV FRUUHODWLRQ RI VKHDU LQGLFDWRUV DQG
GHWHUPLQDWLRQRIVWUDLQSDWK-RXUQDORI6WUXFWXUDO*HRORJ\




)ULHGPDQ 0 DQG +LJJV 1*  &DOFLWH IDEULFV LQ H[SHULPHQWDO VKHDU ]RQHV
*HRSK\VLFDO0RQRJUDSK
)URLW]KHLP16FKPLG60 DQG)UH\0 0HVR]RLFSDOHRJHRJUDSK\ DQG WKH



























:HEHU . (GLWRU 7H[WXUH RI *HRORJLFDO0DWHULDOV '*0 ,QIRUPDWLRQVJHVHOOVFKDIW
9HUODJ2EHUXUVHOSS
+HOPLQJ . *HLHU 6W +HLQLW] - /HLVV % 5DXVFKHQEDFK % 6FKZDU]HU 5$












0DQFNWHORZ 16  4XDUW] WH[WXUHV IURP WKH 6LPSORQ IDXOW ]RQH 6RXWKZHVW
6ZLW]HUODQGDQG1RUWK,WDO\7HFWRQRSK\VLFV




1LFRODV $  )ORZ LQ XSSHUPDQWOH URFNV VRPH JHRSK\VLFDO DQG JHRG\QDPLF
FRQVHTXHQFHV7HFWRQRSK\VLFV




1LFRODV $ %RXFKH] -/ DQG %RXGLHU )  ,QWHUSUHWDWLRQ FLQHPDWLTXH GHV








3DQR]]R5+ 7ZRGLPHQVLRQDO DQDO\VLV RI VKDSHIDEULF XVLQJ SURMHFWLRQV RI
GLJLWL]HGOLQHVLQDSODQH7HFWRQRSK\VLFV














































7DJDPL7*DOEUDLWK5)<DPDGD5 DQG/DVOHWW*0 5HYLVHG DQQHDOLQJ







:DJQHU ):HQN+5.HUQ++RXWWH 39 DQG (VOLQJ &  'HYHORSPHQW
RI SUHIHUUHG RULHQWDWLRQ LQ SODQH VWUDLQ GHIRUPHG OLPHVWRQH H[SHULPHQW DQG WKHRU\
&RQWULEXWLRQVWR0LQHUDORJ\DQG3HWURORJ\









































7KUXVW 57 DUH SUHVHQWHG ÀUVW )RXU ORFDOLWLHV DORQJ WKH57 KDYH EHHQ LQYHVWLJDWHG
EHWZHHQWKHHDVWHUQULPRIWKH3HOYRX[PDVVLILQWKH1RUWKDQGWKHUHDURIWKH$UJHQWHUD
PDVVLI LQ WKH6RXWK VLWHV%)</DX]5HRWDQG$UJ LQÀJ7KLVVWXG\DLPV WR
LQGHSHQGHQWO\ FRQÀUP WKHRYHUDOO:1:GLUHFWHG VHQVHRI WUDQVSRUW DORQJ WKH57 
GHGXFHWKHW\SHRIVWUDLQDORQJWKLVVWUXFWXUHDQGLWVSRVVLEOHYDULDWLRQVXVLQJWKHPRGHO
RIPLFURIDEULFHYROXWLRQSUHVHQWHGLQFKDSWHU
 ,Q D VHFRQG VWHS WKH EDVDO GHFROOHPHQW RI WKH 'DXSKLQRLV SDUDXWRFKWRQRXV


























































































UHFU\VWDOOLVHGPDWUL[ LV RIWHQ YHU\ KRPRJHQHRXV DQG RFFXSLHVPRUH WKDQ  RI WKH
VXUIDFHRIWKHWKLQVHFWLRQ7KHJUDLQVH[KLELWDVKDUSH[WLQFWLRQDQGUHPDLQXQDIIHFWHGE\
PHFKDQLFDOWZLQQLQJ7KHLUDYHUDJHJUDLQVL]HLVFRPSDUDEOHWRWKDWIRXQGLQWKHVDPSOHV
RI QXPPXOLWLF OLPHVWRQH DQDO\]HG LQ FKDSWHU  QDPHO\03< FRD[LDOO\ GHIRUPHG




PLQHUDOV DORQJ GLVVROXWLRQ VXUIDFHV KDYH DOVR EHHQ UHFRJQL]HG$OO VDPSOHV FROOHFWHG













 )RU HDFK ORFDOLW\ DW OHDVW RQHPRUH FRPSOHWH WH[WXUH DQDO\VLV LV SUHVHQWHG$
GLVWLQFWLRQ LV WKHQPDGHEHWZHHQ WKHQRQUHGXFHG DDQG²DGLUHFWLRQV7KH I
FU\VWDOORJUDSKLF SODQH DQG VG VOLS GLUHFWLRQ SROH ÀJXUHV DUH FDOFXODWHG IURP



















































































JHRORJLFDO PDS RI WKH
´5RFKHU GH O·<UHWµ VKHDU
]RQH DFFRUGLQJ WR QHZ
ÀHOG PDSSLQJ /RFDOLVDWLRQ


























































































































































































































7.7 %3% 7.7 %3%
3B 3B
$T
)LJXUH  3KRWRPLFURJUDSKV RI VDPSOHV IURP WKH %)< VHULHV WDNHQ IURP XOWUDWKLQ VHFWLRQV 









































































































































































































































































RI DERXW PUGZKLOH WKH SRVLWLRQ IRU F_1 VKRZV D JLUGOH GLVWULEXWLRQZLWK DZHDN
PD[LPXPDWPÀJ,QFKDSWHUWKHVHIHDWXUHVKDYHEHHQLQWHUSUHWHGDVDQLQGLFDWLRQ
IRUGRPLQDQWVOLSRQWKHEDVDOSODQHLQWZRFRQMXJDWHDGLUHFWLRQV
 *LYHQ WKH VLPLODULWLHV LQ WKHPLFURIDEULF RI VDPSOH03< IURP WKH 5<6=
FKDSWHUDQGWKHVDPSOHVFROOHFWHGDWORFDOLW\%)<LWLVSURSRVHGWKDWWKHVDPSOHVIURP
ORFDOLW\%)<KDYHEHHQGHIRUPHG LQDGRPLQDQWQRQFRD[LDOVWUDLQUHJLPH7KH WLOWLQJ








































































































































































































































































































WR WKH IROLDWLRQ7KHD I ÀJ DQGKSROHÀJXUHDJDLQ VKRZDJLUGOHGLVWULEXWLRQ
WLOWHGDWVPDOODQJOHV IURP WKH;<SODQH LQDFRXQWHUFORFNZLVHVHQVH&DOFXODWLRQVRI
WKHQRQUHGXFHGSROHÀJXUHVIRUWKHDDQG²DGLUHFWLRQVGRQRWVKRZDFOHDUO\GLIIHUHQW
GLVWULEXWLRQDVREVHUYHG LQ WKH%)<VDPSOHV,QVWHDGDJLUGOHGLVWULEXWLRQ LVREVHUYHG
IRU DDQG²D ÀJ $QRWKHUGLIIHUHQFH WR WKH%)< VDPSOH VHULHVFRQFHUQV WKH U
DQGVGÀJSROHÀJXUHV,QWKHUSROHÀJXUHWKHPD[LPXPFORVHWR=LVFOHDUO\



































































































































































































































































































































































































































































































HYLGHQFH IRU DQ DV\PPHWU\ FI ÀJ D DQG E$GGLWLRQDOO\ FDOFLWH SRUSK\URFODVWV
V\PPHWULFDOO\ERXGLQDJHGZLWKLQWKHIROLDWLRQKDYHEHHQIRXQGFIÀJF
 7KHFRUUHVSRQGLQJ WH[WXUHVSUHVHQWHG LQÀJXUH  VKRZD V\PPHWU\ WKDW LV
FORVH WRRUWKRUKRPELF7KLV LVQRWDEO\REVHUYHG LQ WKHUSROHÀJXUHVKRZLQJDVWURQJ
PD[LPXPFORVHWR=DQGWZRZHDNHUSRVLWLRQVDWUDQGU,QGHWDLOVOLJKWGHSDUWXUHV












RI QRQFRD[LDO VWUDLQ LV DSSDUHQWO\PRUH LPSRUWDQW DW WKH QRUWKHUQ WHUPLQDWLRQ RI WKH



























































































































































































































































































































































































































































































ÀJ F DERXW 16 VWULNLQJ LV GHYHORSHG DQG FDUULHV D VWURQJ:1:(6(
VWUHWFKLQJOLQHDWLRQ+DQGVSHFLPHQVVKRZDVWURQJP\ORQLWLFIROLDWLRQRXWOLQHG
E\\HOORZLVKPLOOLPHWULFOHYHOVRIGRORPLWLFQDWXUHVHHEHORZ7KHFRPSHWHQFH





































































































































































































































































































































































































































































































































































































































































E 'HWDLOHG UHSUHVHQWDWLRQ RI WKH IURQWDO XQLWV RI WKH 5RFKH &KDUQLqUH QDSSH 1RWH WKDW WKH RYHUDOO














 )URP WKH WH[WXUDOSRLQWRIYLHZ WKH VDPSOHV IURP WKH5HRW  ORFDOLW\XVXDOO\
SUHVHQWZHDNSROHÀJXUHPD[LPDFIÀJDEDDQGE$FU\VWDOORJUDSKLF






















































































































































































































































































































































































































































































































 3KRWRPLFURJUDSKV IURP VDPSOHV 5 DQG 5 WDNHQ DW GLIIHUHQW OHYHOV RI
PDJQLÀFDWLRQDUHSUHVHQWHGLQÀJ)LJXUHVDEDQGGSUHVHQWPLFURERXGLQDJH
GHIRUPDWLRQIHDWXUHVRIDIRUPHUYHLQRIGRORPLWLFFRPSRVLWLRQ7KHERXGLQDJHGSLHFHV




































7.7 %3% 7.7 %3%









































































































































































































































































































































































































































































































































































































































 7KH IROORZLQJ GLVFXVVLRQ IRFXVHV RQ VDPSOH*7QH VLQFH RQO\ WKLV VDPSOH
SUHVHQWVDFOHDUFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQFRPSDUHÀJZLWKÀJ





)LJXUH  ;= VHFWLRQ RI VDPSOH *7QH 
PLFURPHWHUVWKLFNQHVVVHFWLRQREVHUYHGXQGHUFURVVHG
SRODUL]RUV
1RWH WKH REOLTXH *632 6E RI WKH G\QDPLFDOO\





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 7KH WH[WXUH DQDO\VLV SUHVHQWHG LQ ÀJXUH  VKRZV D FOHDU RUWKRUKRPELF






















































































































































































































































































































































































































 7KH PLFURIDEULF FKDUDFWHULVWLFV RI VDPSOHV DQDO\VHG LQ FKDSWHU  KDYH EHHQ
UHFRJQL]HG LQ P\ORQLWLF OD\HUV GHYHORSHG GXULQJ DFWLYLW\ RI WKH 57 7KH PRGHO RI
PLFURIDEULF HYROXWLRQ SUHVHQWHG LQ FKDSWHU  DOORZHG IRU UHFRJQLWLRQ RI VWUDLQ W\SH
YDULDWLRQVZLWKLQ WKLV VWUXFWXUH$Q LQFUHDVLQJ DPRXQW RI QRQFRD[LDO GHIRUPDWLRQ LV
IRU H[DPSOH QRWHGZKHQ DSSURDFKLQJ WKH 3HOYRX[PDVVLI LQ WKH QRUWKHUQ SDUW RI WKH
LQYHVWLJDWHGDUHD
 7KHFRQVWDQWWRS:1:RULHQWHGVHQVHRIWUDQVSRUWDORQJWKH57GHGXFHGIURP






SKDVHV DIIHFWHG WKH (RFHQH FRYHU RI WKH HDVWHUQ ULP RI 3HOYRX[PDVVLI 'DXSKLQRLV
GRPDLQDÀUVWSKDVH' UHODWHG WR:1:GLUHFWHG WKUXVWLQJDORQJ WKH57 LVFOHDUO\
IROORZHGE\DODWHU'SKDVHDVVRFLDWHGZLWK6:GLUHFWHGPRYHPHQWV&OHDURYHUSULQWLQJ




















































































































































































































































































































































































































































































































































 ,Q VXPPDU\ VDPSOH 'R SUHVHQWVPLFURIDEULF FKDUDFWHULVWLFV FORVH WR VDPSOH
6DD IURP WKH5<6= FKDSWHU 7KH FD[LV GLVWULEXWLRQ LV WKHUHIRUH LQWHUSUHWHG DV
DFRPELQDWLRQEHWZHHQ WZRSRVLWLRQVDWF_DQGFaDQG LW LVSURSRVHG WKDW WKLVVDPSOH
VXIIHUHGDVRFDOOHG´LQWHUPHGLDWHµVWUDLQUHJLPH7KLVPLFURIDEULFDQDO\VLVFRQÀUPVWKH
BA



























































































































































 )URP D WH[WXUDO YLHZSRLQW WKH GLVWULEXWLRQ RI WKH U SODQH VKRZV WZRPD[LPD
ZLWKLQWKH<=SODQHDQGPD[LPDDWSRVLWLRQVUDQGU7KHISROHÀJXUHVKRZVWZR
VPDOOFLUFOHVGLVWULEXWLRQFHQWHUHGDW;DQGWKHVGGLVWULEXWLRQVKRZVWZRHTXDOPD[LPD
DW VGD DQG VGE VHHÀJ 7KH WH[WXUDO FKDUDFWHULVWLFVRI WKHVH WZR VDPSOHV DUH
WKHUHIRUHFRQVLVWHQWZLWKRUWKRUKRPELFV\PPHWU\
 7KHRUWKRUKRPELF V\PPHWU\RI WKH WH[WXUHRI VDPSOH'RUPD LVDOVRGHGXFHG













































































































































































































































































































































































































 )URPDJHQHUDOSRLQWRIYLHZ WKHJHRORJLFDOVHWWLQJ IRXQGDORQJ WKH*DYDUQLH





ULYHUV VHHÀJ7KHVH URFNVDUH6LOXULDQDQG'HYRQLDQP\ORQLWLF OLPHVWRQHVDQG
SUHVHQWDFHQWLPHWULFVFDOHFRPSRVLWLRQDODQGJUDLQVL]HOD\HULQJ7KH\DUHSURYLGHGE\













































 6& W\SH VWUXFWXUHV DQG SRUSK\URFODVWV JHRPHWU\ FRQÀUP WKH WRS6 GLUHFWHG
GLVSODFHPHQWDORQJWKH*DYDUQLHWKUXVWV\VWHP
 DQ DYHUDJH JUDLQ VL]H UDQJLQJ EHWZHHQ  DQG PLFURPHWHUV IRU WKH ÀQH
JUDLQHGOHYHOVDQDO\VHGE\WH[WXUDOJRQLRPHWU\













 7KH WH[WXUH RI VDPSOH *$9JWD SUHVHQWV DQ RYHUDOO PRQRFOLQLF V\PPHWU\
FRPSDUDEOH WRVDPSOH03<IURP WKH5<6= FKDSWHU7KH OHYHORIV\PPHWU\IRU
WKHWH[WXUHRIVDPSOH*$9JWELVLQVWHDGFORVHWRRUWKRUKRPELFDQGVWURQJVLPLODULWLHVDUH
IRXQGZKHQFRPSDULQJWKLVVDPSOHWRVDPSOH03<IURPWKH5<6=







































































































































 7KH FD[LV SROH ÀJXUH VKRZV D YHU\ VWURQJ PD[LPXP VOLJKWO\ LQFOLQHG LQ D
FRXQWHUFORFNZLVH VHQVH IURP WKH IROLDWLRQ QRUPDO DQG SUHVHQWV DQ H[FHSWLRQDOO\ KLJK













 ,QKLVVWXG\-+3'H%UHVVHU DUJXHG WKDW WKH´FD[LV WH[WXUHVRIFDOFLWH
URFNV IURP WKH3\UHQHDQ*DYDUQLH WKUXVW]RQH LQGLFDWHDFRQVLGHUDEOHFRQWULEXWLRQRI
SXUHVKHDUWRWKHWRWDOVWUDLQµ7KHDQDO\VLVSUHVHQWHGDERYHJLYHVIXUWKHULQVLJKWVWRWKHVH




RQHGHVFULEHGZLWKLQ WKHQXPPXOLWLF OLPHVWRQH IRUPDWLRQ IRXQGDORQJ WKH3ULDERQLDQ




































































































































































































































































































































































































































FD[LV WLOWLQJGRFXPHQWHG LQ WKHFDVHRIPHFKDQLFDO WZLQQLQJ SRVLWLRQF7 LVRSSRVLWH
WRWKDWREVHUYHGXQGHUDUHJLPHRISODVWLFGHIRUPDWLRQSRVLWLRQF_8QGHUFRQGLWLRQV
































3HOYRX[PDVVLI DOORZHG IRU D FRPSOHWHPLFURIDEULF DQDO\VLVRI FDOFLWHXOWUDP\ORQLWHV
UHFRUGLQJFRD[LDODQGQRQFRD[LDOGHIRUPDWLRQ
6DPSOHV GHIRUPHG XQGHU FRD[LDO NLQHPDWLFV VKRZ D JUDLQ VKDSH IDEULF ZLWK
RUWKRUKRPELF V\PPHWU\ 7KHLU WH[WXUHV DUH FKDUDFWHUL]HG E\ WZR FD[LV PD[LPD DW
WKHSHULSKHU\RI WKHSROHÀJXUHV\PPHWULFDOO\RULHQWHGDW IURP WKHQRUPDO WR WKH
PDFURVFRSLFIROLDWLRQDVDUHVXOWRIDFWLYLW\RI!DQG!VOLSDORQJWKHIDQG
USODQHV
,Q FRQWUDVW VDPSOHV KDYLQJ H[SHULHQFHG VLPSOH VKHDU GHIRUPDWLRQ SUHVHQW D
PRQRFOLQLF VKDSH IDEULF 7KHLU WH[WXUHV DUH FKDUDFWHUL]HG E\ D VLQJOH REOLTXH FD[LV
PD[LPXPWLOWHGZLWKWKHVHQVHRIVKHDUE\DERXWDVUHVXOWLQJIURPGXSOH[D!VOLS
DORQJWKHEDVDOSODQH




















NLQHPDWLFDOO\ OLQNHG WRGH[WUDOPRYHPHQWVDORQJ WKH5KRQH6LPSORQ OLQHDQGVLQLVWUDO






2QHRI WKHNH\UHVXOWVRI WKHVWUXFWXUDODQDO\VLVSUHVHQWHG LQFKDSWHUFRQVLVWV
LQ WKHUHFRJQLWLRQ WKDW6:GLUHFWHGPRYHPHQWVFOHDUO\SRVWGDWHHDUOLHU:1:GLUHFWHG
WKUXVWLQJDORQJWKH57&OHDURYHUSULQWLQJUHODWLRQVKLSVKDYHEHHQIRXQGZLWKLQWKHEDVDO
GHFROOHPHQW RI ERWK 'DXSKLQRLV SDUDDXWRFKWRQRXV 7HUWLDU\ FRYHU DQG +HOPHQWKRLG
)O\VFKRI WKH(PEUXQDLV8ED\HQDSSHVWDFN7RS6:GLUHFWHGPRYHPHQWVKDYHDJDLQ
EHHQHYLGHQFHGXVLQJDFRPELQDWLRQRIPHVRDQGPLFURVFRSLF VKHDU VHQVH LQGLFDWRUV
WRJHWKHUZLWK WKHPRGHO RIPLFURIDEULF HYROXWLRQ SUHVHQWHG LQ FKDSWHU  ,PSRUWDQW
SDUWLWLRQLQJRI WKHEXONÁRZ LQWRGRPDLQVHLWKHUGRPLQDWHGE\FRD[LDORUQRQFRD[LDO
GHIRUPDWLRQRFFXUVZLWKLQWKHVKHDU]RQHIRXQGDWWKHEDVHRIWKH7HUWLDU\FRYHU
7KH ODWHVW GHIRUPDWLRQ IHDWXUHV DIIHFWLQJ WKH LQYHVWLJDWHG DUHD DUH UHODWHG WR
QRUPDOIDXOWLQJVWLOODFWLYHDWSUHVHQWGD\V
,PSOLFDWLRQVIRUWKHHYROXWLRQRIWKHZHVWHUQ$OSLQHDUF
7KLV VWXG\ ÀUVW YDOLGDWHV WKH PRGHO SURSRVHG E\ &HULDQL HW DO  ZKR
SURSRVHGWKDWGXULQJ2OLJR0LRFHQHWLPHVWKHZKROH$GULDWLFLQGHQWHUZDVWKUXVWHGRQWR
WKH(XURSHDQSODWHWRZDUGVWKH:1:DORQJWKH57



































RI WKHJHRORJLFDO VHWWLQJ IRXQGDW WKHHDVWHUQ ULPRI WKH3HOYRX[PDVVLI LHEHWZHHQ





7KHFRPSOHWHVHWRIVWUXFWXUDOGDWDQRZSUHVHQWHG LVRUJDQL]HGDFFRUGLQJ WR WKH
WKUHHPDLQGHIRUPDWLRQSKDVHVHQFRXQWHUHGLH':1:GLUHFWHGWUDQVSRUWDORQJWKH
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:HSUHVHQWHG LQFKDSWHU  WKHJHQHUDO WHFWRQLF VHWWLQJRI WKHHDVWHUQ ULPRI WKH
3HOYRX[PDVVLI2XUGDWD VXSSRUW WKHK\SRWKHVLVRI&HULDQL HW DO ZKR DUJXHG
WKDWWKHZHGJLQJRXWLQPDSYLHZRIWKH&RPEH\QRWPDVVLIZDVGXHWRDFWLYLW\DORQJWKH
5RVHOHQG WKUXVW 57:HSURSRVH WR LOOXVWUDWH WKLV16GHIRUPDWLRQJUDGLHQWIURP WKH
PLFURVWUXFWXUDOSRLQWRIYLHZXVLQJ WKUHHVDPSOHVRIEDVHPHQW URFNV IURP WKHFRUH

























































$ VDPSOH WDNHQ IURP WKHFRUHRI WKH&RPEH\QRWPDVVLI LV VKRZQ LQÀJXUH$










)LJXUH $ 3KRWRPLFURJUDSK IURP
&RPE  EDVHPHQW VDPSOH &URVVHG
SRODUL]HGOLJKW
)LJXUH $ 3KRWRPLFURJUDSK IURP















)LJXUH $ 3KRWRPLFURJUDSK IURP










$ÀUVW W\SHRI ORFDOFRPSOLFDWLRQ LVIRXQGEHWZHHQ WKHXSSHU WHUPLQDWLRQRI WKH
5DYLQGHOD0RQWDJQROOHYDOOH\DQGWKH5RFKHUGHO·<UHWVXPPLW$VLQLVWUDOVWULNHVOLS
QHWZRUNDIIHFWVWKHXSSHUEDVHPHQWERXGLQVDQGWKHLU(RFHQHFRYHU7KHUHODWHGVWUXFWXUHV
KDYHEHHQSUHVHQWHG LQFKDSWHUDQG WKHUHDGHU LVUHIHUUHG WR WKLVVHFWLRQIRUGHWDLOHG
GHVFULSWLRQ
7KH VHFRQG W\SH RI ORFDO FRPSOLFDWLRQ FRQVLVWV LQ WKH IROGLQJ RI WKH EDVHPHQW
ERXGLQVDQGWKHLU3ULDERQLDQFRYHU$VFKHPDWLFUHSUHVHQWDWLRQRIWKHVHIROGVIRXQGDORQJ
SURÀOH$VHHPDSÀJXUH$LVJLYHQLQÀJXUHV$DQG$
([FHSWLRQDOO\ LQWHUIHUHQFH SDWWHUQV GXH WR VXSHUSRVLWLRQ RI IROGLQJ HYHQWV DUH









































































































































































































































































































































































































7KHQXPPXOLWLF FRYHU LQYROYHG LQ WKHVH WKUXVW ]RQHV VXIIHUHG LQWHQVH VKHDULQJ
DVGRFXPHQWHGE\WKHH[WUHPHODPLQDWLRQRIWKHVHGLPHQWDU\VHTXHQFHRIWHQUHGXFHGWR
D IHZFHQWLPHWHUVRIQXPPXOLWLF OLPHVWRQHDQGEDVDOFRQJORPHUDWH VHHÀJXUH$D




















DW WKH ULP RI GHWULWLFDOTXDUW] JUDLQV VHHÀJXUH$E RU VKDSH SUHIHUUHG RULHQWDWLRQ

































 7KHSXUSRVHRI WKHSUHVHQWVHULHVRIDSSHQGL[HV LV WRSUHVHQW WR WKH UHDGHU WKH
FRPSOHWHGDWDVHWRI
  7H[WXUH PHDVXUHPHQWV WKLV LQFOXGHV SROH ÀJXUH DQG LQYHUVH SROH ÀJXUH
FDOFXODWLRQV DSSHQGL[HV % % DQG % XVLQJ LQSXW IURP ;UD\ JRQLRPHWU\
PHDVXUHPHQWVWRJHWKHUZLWKDSLFWXUHRI&RPSXWHU,QWHJUDWHG3RODULVDWLRQPLFURVFRS\
3DQR]]R +HLOEURQQHU DQG 3DXOL   DSSHQGL[ % &RPSXWHU FRQYHUVLRQ













































+) #3*+/  #3-+* "#. (02
 .#)#*/ 0*'/



















































 7KH ORFDOL]DWLRQRI WKH VDPSOHV LVJLYHQ LQ WKH VFKHPDWLF UHSUHVHQWDWLRQ IRXQG
































RULHQWDWLRQ RI WKH QXPPXOLWLF OLPHVWRQH IRXQG LQ VHGLPHQWDU\ FRQWDFW RQ WRS RI WKH







 7KH JUDGLHQW RI GHIRUPDWLRQ IRXQG DFURVV WKHP\ORQLWLF OD\HU DQG GHVFULEHG
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7KH OHYHORI V\PPHWU\DIIHFWLQJ WKH&32 LVH[WUHPHO\YDULDEOHEHWZHHQ WKHGLIIHUHQW
VDPSOHV7KHYDVWPDMRULW\RIPHDVXUHPHQWVVKRZDFOHDUPRQRFOLQLFV\PPHWU\LQGLFDWLYH
RI DGRPLQDQWQRQFRD[LDO VWUDLQSDWK6DPSOHV *7 H*7W H*7W6$D
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 )LQDOO\ VL[ VDPSOHV KDYLQJ D &32 LQGLFDWLYHRI D QRQFRD[LDO VWUDLQ SDWK DUH
VKRZQ $SSHQGL[ % VHH ÀJXUHV % WR % )RXU URFNV FRPH IURP WKH










































































































































































































































































































































































































































































































































































































































FD[LV GLVWULEXWLRQ FORVH WR WKH QRUPDO RI WKHPDFURVFRSLF IROLDWLRQ VHHÀJXUH %
,QGHWDLOV WKHGHJUHHRI V\PPHWU\ IRU WKHVH WZR VDPSOHV LV ORZHU WKDQRUWKRUKRPELF




















































































































































































































 $OO WKH&32SUHVHQWHG LQ WKLV VHVVLRQ VKRZDFOHDUPRQRFOLQLF V\PPHWU\ VHH
ÀJXUHV%WR%7KHFD[LVGLVWULEXWLRQLVFRQVLVWHQWZLWKDEURDGPD[LPXPURWDWHG






































































































































































































































































































































































































































































































































































































































FRPSRQHQW RI FRD[LDO VWUDLQ VDPSOHV03<03<6$Q03<6$03<VFD






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IRUPDW SURGXFHG E\0(17(; 6FKDHEHQ  DQG %($57(; :HQN HW DO 
LWHUDWLRQ VRIWZDUHV 7KHVH WZR SURJUDPV KDYH EHHQ HODERUDWHG LQ FROODERUDWLRQZLWK






 7KH SURFHGXUH QHHGHG WR XVH WKH ´LQSXWBEHDUWH[VKµ SURJUDP LV WKH IROORZLQJ
RQH
% 6WHS  FUHDWH D IROGHU FRQWDLQLQJ ERWK ´LQSXWBEHDUWH[VKµ DQG WKH ´FSIµ ÀOH
SURGXFHGE\WKH0(17(;VRIWZDUH
% 6WHS  VDYH WKH´FSIµÀOH LQD81,; UHDGDEOH IRUPDW XVLQJ%%(',7HGLWLQJ
VRIWZDUHIRUH[DPSOH

























































































































































































































































































































































































































































ZHVHOHFWRQO\WKHOLQHVWKDWKDYHDQGÀHOGV´1)  µDQG´1)  µ
 DZN¶1)  ^SULQWI´Vµ`




















































































































































 7KH SXUSRVH RI WKH SUHVHQW VHULHV RI DSSHQGL[HV LV WR SUHVHQW WKH UHVXOWV RI
JUDLQ VL]H DQDO\VLV *6$RIGLIIHUHQW VHWVRIXOWUDP\ORQLWHV VDPSOHVGHIRUPHGXQGHU
FRQGLWLRQV RI FRD[LDOGRPLQDWHG $SSHQGL[ %  VDPSOHV VHH ÀJXUHV % DQG
% LQWHUPHGLDWH $SSHQGL[ %  VDPSOHV VHH ÀJXUHV % DQG % DQG QRQ
FRD[LDO GRPLQDWHG $SSHQGL[ %  VDPSOHV VHHÀJXUHV % VWUDLQ7KH DYHUDJH
QXPEHURISDUWLFOHVDQDO\]HG IRUHDFK VDPSOH LVRIDERXW 7KH UHVXOWVDUHJLYHQ
XVLQJKLVWRJUDPVRIYROXPHGHQVLW\Y5UHGFROXPQVDQGQXPEHUGHQVLW\K5EOXH
FROXPQVGLVWULEXWLRQ


























































































































































































































































































































































































































































































































































































































































 7KLV DSSHQGL[ FRQWDLQV D VHULHV RI *632 DQDO\VLV LQ ;= VHFWLRQV IURP



























































































































































































































































































































































































































































































































































































































































































































































































































$33(1',;&0HWDPRUSKLF VWXG\RI WKH'DXSKLQRLVGRPDLQDW WKH
VRXWKHDVWHUQULPRIWKH3HOYRX[PDVVLI










:LWKLQ WKH5RFKHU GH O·<UHW VKHDU ]RQH 5<6= WKHVH UHVXOWV DUH FRPSOHWHG
E\DÁXLG LQFOXVLRQVWXG\ZKLFKRIIHUVDGGLWLRQDOFOXHVIRUSDOHRJHRWKHUPDOJUDGLHQWV
HVWLPDWHV4XDUW]FDOFLWHSUHFLSLWDWHVIRXQGDORQJ WKHVWULNHVOLSIDXOWSODQHVGLVVHFWLQJ






































































































































































&OD\PLQHUDO VWXGLHVZHUH FRQGXFHG XVLQJ WKH VDPH SUHSDUDWLRQ WHFKQLTXH DV
UHSRUWHGE\6FKPLGWHWDO 7KHHIIHFWVRI WKHSUHVHQFHRIGHWULWDOPDWHULDOZDV
OLPLWHGXVLQJDVKRUWFUXVKLQJWLPHDQGE\DFDUHIXOVHSDUDWLRQRI WKH+P IUDFWLRQ
UHSHWLWLRQRI WKHSURFHGXUH LQ WKH$WWHPEHUJ FROXPQV LQRUGHU WR FRQFHQWUDWH WKH 
+P IUDFWLRQDFFRUGLQJ WR.XQHUW  ,OOLWHDQGFKORULWHFU\VWDOOLQLW\ZDVPHDVXUHG


































0LFURWKHUPDO LQYHVWLJDWLRQV RQ GRXEOH SROLVKHG WKLQ VHFWLRQVZHUH SHUIRUPHG
XVLQJWKHKHDWLQJDQGFRROLQJVWDJHRID/LQNDP7+06*HRFRXSOHGWRD706
WHPSHUDWXUHFRQWUROOHUZLWKDQHUURURI&7KHKHDWLQJDQGFRROLQJVWDJHZDVFDOLEUDWHG







)LJXUH & VKRZV WKH GLVWULEXWLRQ RI LOOLWH ´FU\VWDOOLQLW\µ ., 7KH ., GDWD
FRUUHVSRQGWRKLJKGLDJHQHWLFDODQGORZDQFKL]RQDOYDOXHV7KHGLDJHQHWLFDOYDOXHVDUH
REVHUYHGLQWKHVRXWKRIWKH'RUPLOORXVH9DOOH\DQGLQWKH<UHW=RQH*HQHUDOO\WKH.,
YDOXHVGHFUHDVH DQG WKHPHWDPRUSKLFJUDGH LQFUHDVHV WRZDUGV WKHQRUWK ,Q WKH<UHW
]RQH WKHYDOXHV DUH ORZHUSUREDEO\GXH WR WKH H[WUHPHGHIRUPDWLRQ DIIHFWLQJ DOO WKH
'DXSKLQRLVXQLWVLQWKLVDUHD




RI 0G LQWR 0 LOOLWH SRO\W\SHV ZKLFK LV QRW FRPSOHWHG ÀJXUH & &RPSOHWH
WUDQVIRUPDWLRQLVJHQHUDOO\REVHUYHGDWWKHWUDQVLWLRQEHWZHHQORZDQGKLJKDQFKL]RQH
0HUULPDQ	3HDFRU3RWHO
3UHVVXUH FRQGLWLRQV HVWLPDWHV E\PHDQV RI.ZKLWHPLFD E GLPHQVLRQ VKRZV



















1DPH 0V,OO &KO &KO6P ,OO6P .)VS 0 EFHOO ., $, .,0HWDP= $,0HWDP=
%HD          / $QFK $QFK
%HE          / $QFK $QFK
&+$          / $QFK $QFK
&+$          / $QFK $QFK
&+$          / $QFK $QFK
'R          / $QFK $QFK
'R          / $QFK 'LDJ
'RD          / $QFK $QFK
'RE          / $QFK $QFK
'R          / $QFK $QFK
'RD          / $QFK $QFK
'RF          / $QFK $QFK
'R)D        / $QFK $QFK
'R)E          + 'LDJ 'LDJ
'R)          + 'LDJ $QFK
'R)          / $QFK $QFK
)RE          / $QFK $QFK
)RF          / $QFK $QFK
)RH        / $QFK $QFK
)RE          / $QFK $QFK
)RF          / $QFK $QFK
)RD          / $QFK $QFK
)RE          / $QFK 'LDJ
)RF          + 'LDJ 'LDJ
)RE          / $QFK $QFK
<5          + 'LDJ 'LDJ
















































































































































































































































































































































   




















EHWZHHQ .EOHU LQGH[ DQG
$UNDL LQGH[ RQ DLU GULHG
SUHSDUDWLRQV
)LJXUH & &RUUHODWLRQ
EHWZHHQ .EOHU LQGH[ DQG



























































7KH61GLUHFWHGPHWDPRUSKLFJUDGLHQW IRXQG DW WKH VRXWK HDVWHUQ ULPRI WKH
3HOYRX[PDVVLIKDGEHHQDOUHDG\GHVFULEHGE\$SUDKDPLDQ7KLVODVWDXWKRU
EDVHGRQLOOLWHFU\VWDOOLQLW\PHDVXUHPHQWVKRZHYHUREVHUYHGHSL]RQDOFRQGLWLRQVZLWKLQ
WKH'RUPLOORXVHDQG)RXUQHOYDOOH\V ,QGHSHQGHQWO\ WR WKHPHWKRGVXVHGVXFKYDOXHV
ZHUHQRWIRXQGLQWKHVWXG\SUHVHQWHGKHUH
7KHÀQGLQJVSUHVHQWHG LQ WKLV VHVVLRQ DUH LQVWHDG WR FRPSDUHZLWK WKRVH IURP
&HULDQLHWDO  LQ WKH'DXSKLQRLVDQG3HQQLQLFGRPDLQ LPPHGLDWHO\QRUWKRI WKH
































































































%UJLVVHU - DQG )RUG 0  2YHUWKUXVW VKHDU GHIRUPDWLRQ RI D IRUHODQG EDVLQ
VWUXFWXUDO VWXGLHV VRXWKHDVW RI WKH 3HOYRX[0DVVLI 6( )UDQFH -RXUQDO RI 6WUXFWXUDO
*HRORJ\






VSHFLDOLVpH GH OD 6RFLHWH JHRORJLTXH GH )UDQFH%XOOHWLQ GH OD 6RFLHWH*HRORJLTXH GH
)UDQFH+XLWLHPH6HULHSS
%XWOHU 5:+  7KH LQÀXHQFH RI SUHH[LVWLQJ EDVLQ VWUXFWXUH RQ WKUXVW V\VWHP
HYROXWLRQLQ:HVWHUQ$OSV*HRORJLFDO6RFLHW\6SHFLDO3XEOLFDWLRQV















*HRUJLHY * 0DXIIUHW$ 1D]DL 6 6DUWRUL 5 6FLRQWL 9 6FURFFD ' 6pUDQQH
0 7RUHOOL / DQG =DJRUFKHY ,  75$160(' 7UDQVHFW ,,, 0DVVLI &HQWUDO
3URYHQFH *XOIRI/LRQ3URYHQoDO%DVLQ 6DUGLQLD 7\UUKHQLDQ%DVLQ 6RXWKHUQ
$SHQQLQHV$SXOLD$GULDWLF6HD$OEDQLDQ'LQDULGHV%DONDQV0RHVLDQ3ODWIRUP
7KH75$160('$WODV7KH0HGLWHUUDQHDQUHJLRQIURPFUXVWWRPDQWOH6SULQJHU
&DVH\ 0  1XPHULFDO DQDO\VLV RI ;UD\ WH[WXUH GDWD DQ LPSOHPHQWDWLRQ LQ




&DYD]]D : 5RXUH ) DQG =LHJOHU 3$  7KH 0HGLWHUUDQHDQ $UHD DQG WKH
6XUURXQGLQJ 5HJLRQV $FWLYH 3URFHVVHV 5HPQDQWV RI )RUPHU 7HWK\DQ 2FHDQV DQG
5HODWHG7KUXVWEHOWV7KH75$160('$WODV7KH0HGLWHUUDQHDQ UHJLRQ IURP FUXVW WR
PDQWOH6SULQJHUSS



























'DYLHV90  ,QWHUDFWLRQ RI WKUXVWV DQG EDVHPHQW IDXOWV LQ WKH )UHQFK H[WHUQDO
$OSV7HFWRQRSK\VLFV














'H 5XLJ 0-  )ROG WUHQGV DQG VWUHVV GHYLDWLRQ LQ WKH $OLFDQWH IROG EHOW
VRXWKHDVWHUQ6SDLQ7HFWRQRSK\VLFV





















'LHWULFK ' DQG'XUQH\ ':  &KDQJH RI GLUHFWLRQ RI RYHUWKUXVW VKHDU LQ WKH
+HOYHWLFQDSSHVRIZHVWHUQ6ZLW]HUODQG-RXUQDORI6WUXFWXUDO*HRORJ\
'LHWULFK ' DQG 6RQJ+  &DOFLWH IDEULFV LQ D QDWXUDO VKHDU HQYLURQPHQW WKH
+HOYHWLFQDSSHVRIZHVWHUQ6ZLW]HUODQG-RXUQDORI6WUXFWXUDO*HRORJ\





PLFURVWUXFWXUHV RI GHIRUPHG &RUGLOOHUDQPDUEOHV FRUUHODWLRQ RI VKHDU LQGLFDWRUV DQG
GHWHUPLQDWLRQRIVWUDLQSDWK-RXUQDORI6WUXFWXUDO*HRORJ\










)DFFHQQD & )XQLFLHOOR ) *LDUGLQL ' DQG /XFHQWH 3 E (SLVRGLF EDFNDUF











6RXWKHUQ 6XEDOSLQH&KDLQV 6( )UDQFH D JHRG\QDPLF DSSUDLVDO %DVLQ5HVHDUFK 

)ULHGPDQ 0 DQG +LJJV 1*  &DOFLWH IDEULFV LQ H[SHULPHQWDO VKHDU ]RQHV
*HRSK\VLFDO0RQRJUDSK
)UH\0/RZWHPSHUDWXUHPHWDPRUSKLVP&KDSPDPDQG+DOO1HZ<RUN86$
)U\16RXWKZHVWZDUG WKUXVWLQJDQG WHFWRQLFVRI WKH:HVWHUQ$OSV*HRORJLFDO
VRFLHW\VSHFLDOSXEOLFDWLRQV
)URLW]KHLP1 6FKPLG 60 DQG )UH\0 0HVR]RLF SDOHRJHRJUDSK\ DQG WKH






















*LGRQ 3 DQG9HUQHW -  /HV DFFLGHQWV V\QFOLQDX[ GH OD KDXWH YDOOHH GX 'UDF



















































:HEHU . (GLWRU 7H[WXUH RI *HRORJLFDO0DWHULDOV '*0 ,QIRUPDWLRQVJHVHOOVFKDIW
9HUODJ2EHUXUVHOSS
+HOPLQJ . *HLHU 6W +HLQLW] - /HLVV % 5DXVFKHQEDFK % 6FKZDU]HU 5$





+X\JKH3 DQG0XJQLHU -/ $FRPSDULVRQRI LQYHUWHGEDVLQVRI WKH VRXWKHUQ






































/DZVRQ. 7KUXVW JHRPHWU\ DQG IROGLQJ LQ WKH$OSLQH VWUXFWXUDO HYROXWLRQ RI
+DXWH3URYHQoH8QLYHUVLW\RI:DOHV6ZDQVHD
/D]DUUH - 7ULFDUW 3 &RXUULRX[ * DQG /HGUX 3  +HULWDJH WHWK\VLHQ HW












































3 )DXUH0XUHW$ )HOWULQ ) )UDQFHVFKHWWL% )UDQFRQH9*DLHUR5*RYL0







0DQFNWHORZ 16  4XDUW] WH[WXUHV IURP WKH 6LPSORQ IDXOW ]RQH 6RXWKZHVW
6ZLW]HUODQGDQG1RUWK,WDO\7HFWRQRSK\VLFV
0HUOH 2 DQG %UXQ -3  7KH FXUYHG WUDQVODWLRQ SDWK RI WKH 3DUSDLOORQ1DSSH
)UHQFK$OSV-RXUQDORI6WUXFWXUDO*HRORJ\





0XOOLV -  'DV :DFKVWXPVPLOLHX GHU 4XDU]NULVWDOOH LP 9DO G,OOLH] :DOOLV
6FKZHL] 6FKZHL]HULVFKH0LQHUDORJLVFKH XQG 3HWURJUDSKLVFKH0LWWHLOXQJHQ  

1LFRODV $  )ORZ LQ XSSHUPDQWOH URFNV VRPH JHRSK\VLFDO DQG JHRG\QDPLF
FRQVHTXHQFHV7HFWRQRSK\VLFV




1LFRODV $ %RXFKH] -/ DQG %RXGLHU )  ,QWHUSUHWDWLRQ FLQHPDWLTXH GHV













VHGLPHQWDLUH GX GRPDLQH SUpEpWLTXH RULHQWDO (VSDJQH DX0LRFqQH&5$FDG 6FL
3DULV6pULH,,
3DGPDQDEKDQ.$'DYLHV*-6XSHUSODVWLFLW\6SULQJHUSS
3DQR]]R5+ 7ZRGLPHQVLRQDO DQDO\VLV RI VKDSHIDEULF XVLQJ SURMHFWLRQV RI
GLJLWL]HGOLQHVLQDSODQH7HFWRQRSK\VLFV




























































5R\GHQ /+  (YROXWLRQ RI UHWUHDWLQJ VXEGXFWLRQ ERXQGDULHV IRUPHG GXULQJ
FRQWLQHQWDOFROOLVLRQ7HFWRQLFV




































6HUUL* ,QQRFHQWL ) DQG0DQHWWL 3 *HRFKHPLFDO DQG SHWURORJLFDO HYLGHQFH
RI WKHVXEGXFWLRQRIGHODPLQDWHG$GULDWLFFRQWLQHQWDO OLWKRVSKHUH LQ WKHJHQHVLVRI WKH
1HRJHQH4XDWHUQDU\PDJPDWLVPRIFHQWUDO,WDO\7HFWRQRSK\VLFV
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